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Sir: 

Applicant, IDEC Pharmaceuticals Corporation, San Diego, California, hereby makes 
application under 35 U.S.C. §156(d)(l) and 37 C.F.R. §1.740 for extension of term of U.S. 
Patent 5,776,456, issued on July 7, 1998 based on an application filed June 7, 1995, which 
claims benefit of priority under 35 U.S.C. §120 to several U.S. patent applications, U.S. Serial 
No. 149,099 filed November 3, 1993 and U.S. Serial No. 978,891 filed November 13, 1992, 
{ abandoned. 

/ 

The current expiration date of this patent is July 7, 2015, seventeen years from the 
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The extension request is for a period of 227 days, or such greater or lesser period as the 

Commissioner may deem the applicant to be entitled. The extended expiration date of the patent 



based on this extension period would be February 19, 2016, fourteen years from BLA approval. 
This is the maximum permitted extension provided for by 35 U.S.C. §156. The regulatory 
review period (reduced by one half of the IND period) is 1916 days and BLA review period is 
(475 days) (based on IND acceptance date of December 7, 1992, BLA acceptance date of 
December 29, 2000 and FDA approval letter for Zevalin™ dated February 19, 2002). 

This application for extension is based on the regulatory approval of the Biologies 
License Application for Ibritumomab tiuxetan (Zevalin'^^), which comprises a radioimmuno- 
therapeutic for treatment of non-Hodgkin's lymphoma that comprises two radiolabeled anti- 
CD20 monoclonal antibodies filed under the provisions of §262 of Title 42, The Public Health 
and Welfare Act. 

The active biologic ingredients in Zevalin™ include radiolabeled monoclonal antibodies: 

(i) a mouse anti-human CD20 monoclonal antibody, 2B8 (Ibritumomab) which 
reacts with the CD20 antigen on human B-cells, conjugated via [N-[2bis(carboxy methyl) 
amino]- 3-(p-isothiocyanatophnyl)-propyl-[N-(2-bis(carboxymethyl) amino]- 2-(methyl)-ethyl] 
glycine, hereafter referred to as MX-DTPA, to yttrium [90], which is used for tumor therapy; and 

(ii) the same mouse anti-human CD20 monoclonal antibody, 2B8 (Ibritumomab), also 
conjugated via the same linker-chelator to Indium -[111] which is used for tumor imaging. 

The 2B8 antibody is a murine IgGl Kappa monoclonal antibody. These radiolabeled 
monoclonal antibodies are used to treat non-Hodgkin's lymphoma, a form of B cell lymphoma 
which is associated with B cell containing tumor tissues that express the CD20 antigen. 

These antibodies are administered during a therapeutic regimen that includes use of a 
chimeric anti-CD20 antibody (Rituximab) previously approved for therapeutic use for treatment 
of non-Hodgkin's lymphoma. This approval did not include the combined use of this chimeric 
anti-CD20 antibody in conjunction with radiolabeled anti-CD20 antibody as provided for in the 
Zevalin'^^ approved BLA. 
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The date of the approval of the BLA for Zevalin™ is February 19, 2002. Applicant 
believes that this the first permitted commercial marketing or use of the above identified 
radiolabeled anti-CD20 antibodies as a biologic for human therapeutic use. This application is 
being made within the sixty-day statutory period provided in 35 U.S.C. § 156(d)(1). 

In accordance with the provisions of 37 C.F.R. §1.740, application provides the following 
information: 

(1) a complete identification of the approved product as by appropriate chemical 
and genetic name, physical structure or characteristics. 

Applicant submits herewith as Exhibit A to this application the package insert for 
Zevalin"^^ as approved by the FDA. This insert contains the appropriate chemical and generic 
description, physical structure and characteristics for the hi-1 1 1 radiolabeled 2B8 monoclonal 
antibody and the Y-90 radiolabeled monoclonal antibody that comprise the two active 
ingredients in Zevalin™. 

(2) A complete identification of the Federal Statute including the applicable 
provision of law under which regulatory review occurred. 

The approval for Zevalin^^ was made by the Food and Drug Administration pursuant to 
§262 of Title 42, The Public Health and Welfare Act. 

(3) An identification of the date on which the product received permission for 
commercial marketing or use under the provision of law under which the applicable 
regulatory review period occurred. 

The FDA approved for commercial marketing or use of Zevalin"^^ occurred on 
February 19, 2002 as set forth in a letter from the FDA, to the assignee of the patent, IDEC 
Pharmaceuticals Corporation. Applicant submits herewith a copy of this letter of authorization 
as Exhibit F. 
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(4) An identification of each active ingredient in the product and a statement 
that each such active ingredient has not been previously approved for commercial 
marketing or use under the Federal Food Drug and Cosmetic Act, the Public Health 
Service Act, or the Virus-Serum-Toxin Act, or a statement of when the active ingredient 
was approved for commercial marketing or use (either alone or in combination with other 
active ingredients) the use for which it was approved, and the provision of law under which 
it was approved. 

The active ingredients in Zevalin™ include two radiolabeled anti-CD20 monoclonal 
antibodies (as described in the Zevalin'^^ package insert. Exhibit A) approved for use in treating 
non-Hodgkin's lymphoma. These two radiolabeled antibodies have not been previously 
approved for commercial marketing or use under the Federal Food Drug and Cosmetic Act, the 
Pubhc Health Service Act, or the Virus-Serum-Toxin Act. 

(5) A statement that the application is being submitted within the sixty-day 
period permitted for submission pursuant to §1.720(f) and an identification of the date of 
the last day on which the application could be submitted. 

This application is being submitted on or before April 19, 2002, the last day of the sixty- 
day period following the February 19, 2002 NDA approval date that is not a Saturday, Sunday or 
holiday, as provided in Title 35, U.S.C. 1.720 (f). 

(6) A complete identification of the patent for which an extension is being sought 
by the name of the inventor, the patent number, the date of issue, and the date of 
expiration. 

This appUcation for extension relates to U.S. patent 5,776,456 issued on July 7, 1998 
which is based on an apphcation Serial No. 476,275 filed June 7, 1995, which is in turn a 
divisional of Serial No. 149,099 filed November 3, 1993, which is in tum a continuation-in-part 
of Serial No. 978,891, filed November 13, 1992, abandoned. This patent is currently set to 
expire on July 7, 2015, seventeen years from the U.S. patent issue date. This patent is assigned 
to the applicant IDEC Pharmaceuticals Corporation, San Diego, Califomia. The inventors are 
Darrell R. Anderson, John R. Leonard, Roland A. Newman, Mitchell E. Reff and William H. 
Rastetter. 
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(7) A copy of the patent for which an extension is being sought, including the 
entire specification (including claims) and drawings. 

A copy of the patent for which an extension is being sought, including the entire 
specification (including claims) appears in Exhibit B. 

(8) A copy of any disclaimer, certificate of correction, receipt of maintenance fee 
payment, or reexamination certificate issued in the patent. 

The patent for which extension is being sought has not been the subject of any disclaimer, 
certificate of correction, or reexamination certificate. Exhibit C provides copies of maintenance 
fee receipts for maintenance fees paid in connection with the above application. 

The first maintenance fee for this patent was due on January 7, 2001, three years and six 
months from the date of issuance of the patent. The second maintenance fee for this patent is 
due 7 years from issuance, or July 7, 2005. 

(9) A statement that the patent claims the approved product or a method of 
using or manufacturing the approved product, and a showing which lists each applicable 
patent claim and demonstrates the manner in which each applicable claim(s) are directed 
to those of the approved product. 

The approved product includes two active ingredients, an In[l 1 l]radiolabeled (a Ball 
antibody lymphoma) and an Y[90] radiolabeled monoclonal antibody that binds CD20 which 
have been approved for treatment of non-Hodgkin's lymphoma. The applicable patent claims (of 
the '456 patent, claims 5 and 6) are directed to the use of the approved product for treatment of B 



cell lymphoma. 
Patent Claim 

5. A method for the treatment of B cell 
lymphoma comprising the steps of: 

1) administering, at a first administration 
period, an immunologically active chimeric 
anti-CD20 antibody to a human, wherein said 
chimeric anti-CD20 antibody is derived from a 
transfectoma comprising anti-CD20 in TCAE 8 
as deposited with the American Type Culture 
Collection as ATCC deposit number 691 19; and 

2) administering, at a second administration 
period, a radiolabeled anti-CD20 antibody to 
said human. 



Relationship to the Approved Product 

The approved Biological Product, Zevalin™, 
includes two radiolabeled anti-CD20 antibodies 
which are used for treatment of non-Hodgkin's 
lymphoma. These radiolabeled antibodies are 
administered in conjunction with a chimeric 
anti-CD20 antibody produced by transfectoma 
TCAE8 Rituxan*^^ (see page 3 of package insert 
of package insert et al.) 
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6. The method of claim 5 wherein said 
radiolabeled anti-CD20 antibody comprises a 
monoclonal antibody secreted from a hybridoma 
identified by American Type Culture Collection 
deposit number HB 1 1388. 



The approved Biological Zevalin''*^ includes two 
radiolabeled monoclonal antibodies that bind 
CD20, wherein these monoclonal antibodies are 
each secreted by the hybridoma deposited with 
the American Type Culture collection under 
deposit number HB 1 1388, and are approved for 
use in treatment of non-Hodgkin's lymphoma, a 
type of B cell lymphoma. 
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(10) A statement beginning on a new page, of the relevant dates and information 
pursuant to 35 U.S.C. 156(g) in order to enable the Secretary of Health and Human 
Services or the Secretary of Agriculture, as appropriate, to determine the applicable 
regulatory review period, particularly, for a patent claiming a human drug, antibiotic, or 
human biological product, the effective date of the investigational new drug (IND) 
application and the IND number; the date on which a new drug application (NDA) or a 
Product License Application (PLA) was initially submitted and the NDA or PLA number 
and the date on which the NDA was approved or the Product License issued. 

For the BLA Approval of IDEC-Y2B8 Zevalin™(Ibritumomab tiuxetan) the following 
are the applicable dates: 

Effective date for IND December 7, 1992 (IND# 4850) 

Initial Submission of BLA November 1, 2000 

FDA Approval for BLA February 19, 2002 (BL# 1250190) 
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(11) A brief description beginning on a new page of the significant activities 
undertaken by the marketing applicant during the applicable regulatory review period 
with respect to the approved product and the significant dates applicable to such activities. 

Exhibit D provides a brief description of significant activities undertaken by IDEC 
Pharmaceuticals Corporation during the regulatory review period for Zevalin"^^ and provides 
applicable dates for such activities. 
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(12) A statement beginning on a new page that in the opinion of the applicant the 
patent is eligible for the extension and a statement as to the length of the extension claimed, 
including how the length of extension was determined. 

Applicant believes that it is entitled to an extension for U.S. patent 5,776,456, in 
accordance with the provisions of 35 U.S.C. §156. Applicant believes that the period of 
extension applicable to the patent is 227 days, based on the chronology set out in the Excel 
spreadsheet, provided as Exhibit E. 
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(13) A statement that applicant acknowledges a duty to disclose to the 
Commissioner of Patents and Trademarks and the Secretary of Health and Human 
Services or the Secretary of Agriculture any information which is material to the 
determination of entitlement to the extension sought (see 37 C.F.R. §1.765). 

Applicant acknowledges a duty to disclose to the Commissioner of Patents and 
Trademarks and the Secretary of Health and Human Services or the Secretary of Agriculture any 
information which is material to the determination of entitlement to the extension sought. 

(14) The prescribed fee for receiving and acting upon the application for 
extension (see 37 C.F.R. §1.20(j)). 

Applicant hereby encloses a check in the amount of the prescribed fee under 37 C.F.R. 
§1.20(j), $1,120. If for any reasons this payment is insufficient, applicant hereby authorizes that 
any deficiency may be charged to Deposit Account 03-3975. 

(15) The name, address, and telephone number of the person to whom inquiries 
and correspondence relating to the application for patent term extension are to be directed. 

Please direct all correspondence in connection with this application to: 

Robin L. Teskin 
PILLSBURY WINTHROP LLP 
1600 Tysons Boulevard 
McLean, Virginia 22102 
Telephone: 703-905-2200 

(16) An original of the application papers, certified as such and two copies are 
provided. 

Applicant hereby certifies that this application for extension is being filed in triplicate 
(one original, two copies). 

(17) An oath or declaration. 

Applicant, through its undersigned patent attorney is authorized to practice before the 
Patent and Trademark Office and has general authority from the owner to act on behalf of the 
owner in patent matters, being duly warned that willful false statements are punishable by fine or 
imprisonment or both under section 1001 of Title 18, United States Code and that willful false 
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statements and the like may jeopardize the vahdity of this application and the patent to which it 
relates, states and declares that the following statements made based on his own knowledge are 
true and that all statements made on information and belief are believed to be true: 

(1) The undersigned is registered to practice before the Patent and Trademark Office 
and is making this declaration as a patent attomey who has general authority to act on behalf of 
the applicant in patent matters. 

(2) The undersigned has reviewed and understands the contents of the application 
being submitted pursuant to this section; 

(3) The undersigned believes the patent is subject to extension pursuant to 37 C.F.R. 

§1.710; 

(4) The undersigned believes an extension of the length claimed is justified under 35 
U.S.C. §156 and the applicable regulations; and 

(5) The undersigned believes the patent for which the extension is being sought meets 
the conditions for extension of the term of a patent as set forth in 37 C.F.R. §1 .740. 

If this application for extension of patent term is held to be informal, applicant may seek 
to have the holdings reviewed by filing a petition with the required fee, as necessary, pursuant to 
37 C.F.R. §§ 1.181, 1.182 or 1.183, as appropriate, within such time as may be set in any notice 
that the apphcation has been held to be informal, or if no time is set, within one month of the 
date on which the application was held informal. 
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Applicant is providing herewith in Exhibit G a power of attorney and general authority 
for the undersigned to execute this application and make the declaration as provided in item (17) 
above. 



Attachments: 
Check for $1,120.00 

Exhibit A- Zevalin'^^ package insert as approved by the FDA. 
Exhibit B- Copy of U.S. Patent 5,776,456. 
Exhibit C- Copies of maintenance fee receipts. 

Exhibit D- Description of significant activities undertaken during the regulatory review 

period for Zevalin™ and applicable dates for such activities. 

Exhibit E- Excel spreadsheet containing calculation of period of extension. 

Exhibit F- FDA Letter to IDEC Pharmaceuticals Corporation. 

Exhibit G- Power of Attomey and General Authority from Assignee. 



Respectfully submitted, 

IDEC Pharmaceuticals Corporation 




McLean, Virginia 22102 



Telephone: (703) 905-2200 
Facsimile (703) 905-2500 



Exhibit A 

Zevalin® Package Insert 
as Approved by the FDA 
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1 Ibritumomab Tiuxetan 

2 ZEVALINTM 

3 

4 Kits for the Preparation of Indium- 1 1 1 (In-1 1 1 ) Ibritumomab Tiuxetan (In- 1 1 1 

5 ZEVALIN) and Yttrium-90 (Y-90) Ibritumomab Tiuxetan (Y-90 ZEVALIN) 
6 

7 In-1 1 1 Ibritumomab Tiuxetan and Y-90 Ibritumomab Tiuxetan are components of the 

8 ZEVALIN therapeutic regimen (See Description). 
9 
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WARNINGS 

Fatal Infusion Reactions: Deaths have occurred within 24 hours of Rituximab infusion, an 
essential component of the ZEVALIN therapeutic regimen. These fatalities were associated 
with an infusion reaction symptom complex that included hypoxia, pulmonary infiltrates, 
acute respiratory distress syndrome, myocardial infarction, ventricular fibrillation, or 
cardiogenic shock. Approximately 80% of fatal infusion reactions occurred in association 
with the first Rituximab infiision (See WARNINGS and ADVERSE REACTIONS). 
Patients who develop severe infusion reactions should have Rituximab, In- 11 1 ZEVALIN, 
and Y-90 ZEVALIN infusions discontinued and receive medical treatment. 

Prolonged and Severe Cytopenias: Y-90 ZEVALIN administration results in severe and 
prolonged cytopenias in most patients. The ZEVALIN therapeutic regimen should not be 
administered to patients with > 25% lymphoma marrow involvement and/or impaired bone 
marrow reserve (See ADVERSE REACTIONS and CLINICAL STUDIES). 

Dosing 

• The prescribed, measured, and administered dose of Y-90 ZEVALIN should not 
exceed the absolute maximum allowable dose of 32.0 mCi (1 184 MBq). 

• Y-90 ZEVALIN should not be administered to patients with altered biodistribution 
as determined by imaging with In-1 1 1 ZEVALIN. 

In-1 1 1 ZEVALIN and Y-90 ZEVALIN are radiopharmaceuticals and should be used only 
by physicians and other professionals qualified by training and experienced in the safe use 
and handling of radionuclides. 

10 

11 DESCRIPTION 

12 

13 ZEVALIN^M 

14 ZEVALIN (Ibritumomab Tiuxetan) is the immunoconjugate resulting from a stable 

1 5 thiourea covalent bond between the monoclonal antibody Ibritumomab and the 

1 6 linker-chelator tiuxetan [N-[2-bis(carboxymethyl)amino]-3-(p-isothiocyanatophenyl)- 
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1 7 propyl]-pSf42-bis(carboxymethyl)amino]-2-(methyl)-ethyl]glycine. This linker-chelator 

18 provides a high affinity, conformationally restricted chelation site for Indium- 1 1 1 or 

19 Yttrium-90. The approximate molecular weight of Ibritumomab Tiuxetan is 148 kD. 
20 

21 The antibody moiety of ZEVALIN is Ibritumomab, a murine IgGi kappa monoclonal 

22 antibody directed against the CD20 antigen, which is found on the surface of normal and 

23 malignant B lymphocytes. Ibritumomab is produced in Chinese hamster ovary cells and 

24 is composed of two murine gamma 1 heavy chains of 445 amino acids each and two 

25 kappa light chains of 2 13 amino acids each. 
26 

27 ZEVALIN Therapeutic Regimen 

28 The ZEVALIN therapeutic regimen is administered in two steps; Step 1 includes one 

29 infusion of Rituximab preceding In-1 1 1 ZEVALIN. Step 2 follows Step 1 by seven to 

30 nine days and consists of a second infusion of Rituximab followed by Y-90 ZEVALIN. 
31 

32 ZEVALIN is supplied as two separate and distinctly labeled kits that contain all of the 

33 non-radioactive ingredients necessary to produce a single dose of In-1 1 1 ZEVALIN and a 

34 single dose of Y-90 ZEVALIN, both essential components of the ZEVALIN therapeutic 

35 regimen. Indium- 1 1 1 chloride and Rituximab must be ordered separately from the 

36 ZEVALIN kit. Yttrium-90 Chloride Sterile Solution is supplied by MDS Nordion when 

37 the Y-90 ZEVALIN kit is ordered. 
38 

39 ZEVALIN Kits 

40 Each of the two ZEVALIN kits contains four vials that are used to produce a single dose 

41 of either In-1 1 1 ZEVALIN or Y-90 ZEVALIN, as indicated on the outer container label: 
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(1) One (1) ZEVALIN vial containing 3.2 mg of Ibritumomab Tiuxetan in 2 mL of 
0.9% sodium chloride solution; a sterile, pyrogen-free, clear, colorless solution 
that may contain translucent particles; no preservative present. 

(2) One (1) 50 mM Sodium Acetate Vial containing 13.6 mg of sodium acetate 
trihydrate in 2 mL of Water for Injection; a sterile, pyrogen-free, clear, colorless 
solution; no preservative present. 

(3) One (1) Formulation Buffer Vial containing 750 mg of Albumin (Human), 76 mg 
of sodium chloride, 21 mg of sodium phosphate dibasic heptahydrate, 4 mg of 
pentetic acid, 2 mg of potassium phosphate monobasic and 2 mg of potassium 
chloride in 10 mL of Water for Injection adjusted to pH 7.1 with either sodium 
hydroxide or hydrochloric acid; a sterile, pyrogen-free, clear yellow to amber 
colored solution; no preservative present. 

(4) One (1) empty Reaction Vial, sterile, pyrogen-free. 

43 

44 Physical/Radiochemical Characteristics of In-Ill 

45 Indium- 1 1 1 decays by electron capture, with a physical half-life of 67.3 hours 

46 (2.81 days).^'^ The product of radioactive decay is nonradioactive cadmium- 111. 

47 Radiation emission data for In-1 1 1 are summarized in Table 1 . 
48 

49 Table L 

50 Principal In-Ill Radiation Emission Data 



Radiation 


Mean % per 
Disintegration 


Mean 
Energy (keV) 


Gamma-2 


90.2 


171.3 


Gamma-3 


94.0 


245.4 



51 

52 External Radiation 

53 The exposure rate constant for 37 MBq (1 mCi) of In-1 1 1 is 8.3 x 10"* C/kg/hr (3.2 R/hr) 

54 at 1 cm. Adequate shielding should be used with this gamma-emitter, in accordance with 

55 institutional good radiation safety practices. 
56 
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57 To allow correction for physical decay of In- 11 1 , the fractions that remain at selected 

58 intervals before and after the time of calibration are shown in Table 2. 

59 Table 2. 

60 Physical Decay Chart: In-Ill 

6 1 Half-life 2.81 Days (67.3 Hours) 



K^aWljVaVWjlX 




Time (Hrs.) 


Remaining 


-48 


1.64 


-42 


1.54 


-36 


1.45 


-24 


1.28 


-12 


1.13 


-6 


1.06 


0 


1.00 


6 


0.94 


12 


0.88 


24 


0.78 


36 


0.69 


42 


0.65 


48 


0.61 



62 

63 Physical/Radiochemical Characteristics of Y-90 

64 Yttrium-90 decays by emission of beta particles, with a physical half-life of 64.1 hours 

65 (2.67 days)J^^ The product of radioactive decay is non-radioactive 

66 zirconium-90. The range of beta particles in soft tissue (x9o) is 5 mm. Radiation 

67 emission data for Y-90 are summarized in Table 3. 
68 

69 Table 3. 

70 Principal Y-90 Radiation Emission Data 



Radiation 


Mean % per 
Disintegration 


Mean 
Energy (keV) 


Beta minus 


100 


750-935 



71 

72 External Radiation 

73 The exposure rate for 37 MBq (1 mCi) of Y-90 is 8.3 x 1 0'^ C/kg/hr (32 R/hr) at the 

74 mouth of an open Y-90 vial. Adequate shielding should be used with this beta-emitter, in 

75 accordance with institutional good radiation safety practices. 
76 
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77 To allow correction for physical decay of Y-90, the fractions that remain at selected 

78 intervals before and after the time of calibration are shown in Table 4. 
79 

80 Table 4. 

81 Physical Decay Chart: Y-90 

82 Half-life 2.67 Days (64.1 Hours) 



Calibration 


Fraction 


Calibration 


Fraction 


Time (Hrs.) 


Remaining 


Time (Hrs.) 


Remaining 


-36 


1.48 


0 


1.00 


-24 


1.30 


1 


0.99 


-12 


1.14 


2 


0.98 


-8 


1.09 


3 


0.97 


-7 


1.08 


4 


0.96 


-6 


1.07 


5 


0.95 


-5 


1.06 


6 


0.94 


-4 


1.04 


7 


0.93 


-3 


1.03 


8 


0.92 


-2 


1.02 


12 


0.88 


-1 


1.01 


24 


0.77 


0 


1.00 


36 


0.68 



83 

84 CLINICAL PHARMACOLOGY 

85 General Pharmacology 

86 Ibritumomab Tiuxetan binds specifically to the CD20 antigen (human 

87 B-lymphocyte-restricted differentiation antigen, Bp35) The apparent affinity (Kd) of 

88 Ibritumomab Tiuxetan for the CD20 antigen ranges between approximately 14 to 18 nM. 

89 The CD20 antigen is expressed on pre-B and mature B lymphocytes and on > 90% of 

90 B-cell non-Hodgkin's lymphomas (NHL) J"^' The CD20 antigen is not shed from the 

91 cell surface and does not internalize upon antibody binding 
92 

93 Mechanism of Action: The complementarity-determining regions of Ibritumomab bind 

94 to the CD20 antigen on B lymphocytes. Ibritumomab, like Rituximab, induces apoptosis 

95 in CD20+ B-cell lines in vitro}^^ The chelate tiuxetan, which tightly binds In-1 1 1 or 
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96 Y-90, is covalently linked to the amino groups of exposed lysines and arginines contained 

97 within the antibody. The beta emission from Y-90 induces cellular damage by the 

98 formation of free radicals in the target and neighboring cells 
99 

100 Normal Human Tissue Cross-Reactivity: Ibritumomab Tiuxetan binding was observed in 

101 vitro on lymphoid cells of the bone marrow, lymph node, thymus, red and white pulp of 

102 the spleen, and lymphoid follicles of the tonsil, as well as lymphoid nodules of other 

103 organs such as the large and small intestines. Binding was not observed on the 

1 04 nonlymphoid tissues or gonadal tissues (see CLINICAL PHARMACOLOGY, 

105 Radiation Dosimetry) 
106 

107 Pharmacokinetics / Pharmacodynamics 

108 Pharmacokinetic and biodistribution studies were performed using In-1 1 1 ZEVALIN 

109 (5 mCi [1 85 MBq] In-1 1 1, 1 .6 mg Ibritumomab Tiuxetan). In a study designed to assess 

110 the need for pre-administration of unlabeled antibody, only 18% of known sites of 

1 1 1 disease were imaged when In-1 1 1 ZEVALIN was administered without unlabeled 

1 12 Ibritumomab. When preceded by unlabeled Ibritumomab (1.0 mg/kg or 2.5 mg/kg), 

113 In-1 1 1 ZEVALIN detected 56% and 92% of known disease sites, respectively. 
114 

115 In pharmacokinetic studies of patients receiving the ZEVALIN therapeutic regimen, the 

116 mean effective half-life for Y-90 activity in blood was 30 hours, and the mean area under 

117 the fraction of injected activity (FIA) vs. time curve in blood was 39 hours. Over 7 days, 

118 a median of 7.2% of the injected activity was excreted in urine. 
119 

120 In clinical studies, administration of the ZEVALIN therapeutic regimen resulted in 

121 sustained depletion of circulating B cells. At four weeks, the median number of 

122 circulating B cells was zero (range, 0-1084 cell/mm^). B-cell recovery began at 

123 approximately 12 weeks following treatment, and the median level of B cells was within 

124 the normal range (32 to 341 cells/mm ) by 9 months after treatment. Median serum 

125 levels of IgG and IgA remained within the normal range throughout the period of B-cell 



7 of 39 



126 depletion. Median IgM serum levels dropped below normal (median 49 mg/dL, range 

127 13-3990 mg/dL) after treatment and recovered to normal values by 6-month post therapy. 
128 

129 Radiation Dosimetry 

130 Estimations of radiation-absorbed doses for In-1 1 1 ZEVALIN and Y-90 ZEVALIN were 

131 performed using sequential whole body images and the MIRDOSE 3 software 

132 program.^^' The estimated radiation absorbed doses to organs and marrow from a 

133 course of the ZEVALIN therapeutic regimen are summarized in Table 5. Absorbed dose 

134 estimates for the lower large intestine, upper large intestine, and small intestine have been 

135 modified from the standard MIRDOSE 3 output to account for the assumption that 

136 activity is within the intestine wall rather than the intestine contents. 
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137 

138 Tables. 

1 3 9 Estimated Radiation Absorbed Doses From Y-90 ZE VALIN and In-1 1 1 ZEVALIN 
140 



Organ 


Y-90 ZEVALIN 
mGy/MBq 


In-Ill ZEVALIN 
mGy/MBq 


Median 


Range 


Median 


Range 


Spleen^ 


9.4 


1.8-14.4 


0.9 


0.2-1.2 




9.1 


5.4- 11.4 


0.6 


0.4 - 0.8 


Liver 


4.8 


2.3-8.1 


0.7 


0.3-1.1 


ijUWcr ijaigc inicAiindi Waii 


4.8 


3.1-8.2 


0.4 


0.2 - 0.6 


upper Ljarge iniesiinai wan 


3.6 


2.0-6.7 


0.3 


0.2 - 0.6 


rlcari Wall 


2.8 


1.5-3.2 


0.4 


0.2 - 0.5 


Lungs^ 


2.0 


1.2-3.4 


0.2 


0.1 -0.4 


olllall llllcsllllc 


1.4 


0.8-2.1 


0.2 


0.1 -0.3 


ivcu ivi arrow 


1.3 


0.7-1.8 


0.2 


0.1 -0.2 


f Ti-inaf\7 RIoHrlof Wall^ 

uriiiary Diduucr Wctii 


0.9 


0.7-2.1 


0.2 


0.1 -0.2 


DUllc oUriaCcN 


0.9 


0.5 - 1.2 


0.2 


0.1 -0.2 




0.4 


0.3 - 0.5 


0.2 


0.2 - 0.2 


f Tt£kriiG^ 


0.4 


0.3 - 0.5 


0.2 


0.1 -0.2 




0.3 


0.0 - 0.5 


0.2 


0.1 -0.3 


OI alll 


0.3 


0.0 - 0.5 


0.1 


0.0-0.1 




0.3 


0.0 - 0.5 


0.1 


0.0 - 0.1 


Gallbladder WalP 


0.3 


0.0 - 0.5 


0.3 


0.1 -0.4 


Muscle' 


0.3 


0.0 - 0.5 


0.1 


0.0-0.1 


Pancreas' 


0.3 


0.0 - 0.5 


0.2 


0.1-0.3 


Skin' 


0.3 


0.0 - 0.5 


0.1 


0.0-0.1 


Stomach' 


0.3 


0.0 - 0.5 


0.1 


0.1 -0.2 


Thymus' 


0.3 


0.0 - 0.5 


0.1 


0.1 -0.2 


Thyroid' 


0.3 


0.0 - 0.5 


0.1 


0.0-0.1 


Kidneys' 


0.1 


0.0 - 0.2 


0.2 


0.1-0.2 


Total Body' 


0.5 


0.2 - 0.7 


0.1 


0.1 -0.2 



141 1 Organ region of interest 

142 2 Sacrum region of interest ^'^^ 

143 3 Whole body region of interest 
144 
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145 

146 CLINICAL STUDIES 

147 The safety and efficacy of the ZEVALIN therapeutic regimen were evaluated in two 

148 multi-center trials enrolling a total of 1 97 subjects. The ZEVALIN therapeutic regimen 

149 was administered in two steps (see DOSAGE AND ADMINISTRATION). The activity 

1 50 and toxicity of a variation of the ZEVALIN therapeutic regimen employing a reduced 

1 5 1 dose of Y-90 ZEVALIN was further defined in a third study enrolling a total of 30 

152 patients who had mild thrombocytopenia (platelet count 100,000 to 149,000 cells/mm^). 
153 

154 Study 1 was a single arm study of 54 patients with relapsed follicular lymphoma 

155 refractory to Rituximab treatment. Patients were considered refractory if their last prior 

156 treatment with Rituximab did not result in a complete or partial response, or if time to 

157 disease progression (TTP) was < 6 months. The primary efficacy endpoint of the study 

158 was the overall response rate (ORR) using the Intemational Workshop Response Criteria 

159 (IWRC).'^^ Secondary efficacy endpoints included time to disease progression (TTP) 

160 and duration of response (DR). In a secondary analysis comparing objective response to 

161 the ZEVALIN therapeutic regimen with that observed with the most recent treatment 

162 with Rituximab, the median duration of response following the ZEVALIN therapeutic 

163 regimen was 6 vs. 4 months. Table 6 summarizes efficacy data from this study. 
164 

165 Study 2 was a randomized, controlled, multicenter study comparing the ZEVALIN 

166 therapeutic regimen to treatment with Rituximab. The trial was conducted in 143 patients 

167 with relapsed or refractory low-grade or follicular non-Hodgkin*s lymphoma (NHL), or 

168 transformed B-cell NHL. A total of 73 patients received the ZEVALIN therapeutic 

169 regimen, and 70 patients received Rituximab given as an IV infusion at 375 mg/m^ 

1 70 weekly times 4 doses. The primary efficacy endpoint of the study was to determine the 

171 ORR using the IWRC^ ^ (see Table 6). The ORR was significantly higher (80% vs. 56%, 

172 p = 0.002) for patients treated with the ZEVALIN therapeutic regimen. The secondary 

173 endpoints, duration of response and time to progression, were not significantly different 

1 74 between the two treatment arms. 
175 
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176 
177 



Table 6. 
Summary of Efficacy Data' 





Study 1 


Study 2 




ZEVALIN 
therapeutic regimen 
N = 54 


ZEVALIN 
thcraneiitic repimpn 
N = 73 


Rituximab 
N = 70 


Overall Response Rate (%) 


74 


80 


56 


Complete Response Rate (%) 


15 


30 


16 


CRu Rate^ (%) 


0 


4 


4 


Median DR^'" 

(Months) 
[Range^] 


6.4 
[0.5-24.9+] 


13.9 
[1.0-30.1+] 


11.8 
[1.2-24.5] 


Median TTP^'^ 

(Months) 

[Range'] 


6.8 
[1.1-25.9+] 


11.2 
[0.8-31.5+] 


10.1 
[0.7-26.1] 



178 
179 
180 
181 
182 
183 
184 

185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 



^CRu: Unconfirmed complete response 
^Estimated with observed range. 

'^Duration of response: interval from the onset of response to disease progression. 
'"+" indicates an ongoing response. 

^ime to Disease Progression: interval from the first infusion to disease progression. 

Study 3 was a single arm study of 30 patients with relapsed or refractory low-grade, 
follicular, or transformed B-cell NHL who had mild thrombocytopenia (platelet count 
100,000 to 149,000 cells/mm^). Excluded from the study were patients with > 25% 
lymphoma marrow involvement and/or impaired bone marrow reserve. Patients were 
considered to have impaired bone marrow reserve if they had any of the following: prior 
myeloablative therapy with stem cell support; prior external beam radiation to > 25% of 
active marrow; a platelet count <1 00,000 cells/mm ; or neutrophil count <1,500 
cells/mm^. In this study, a modification of the ZEVALIN therapeutic regimen with a 
lower specific activity Y-90 ZEVALIN dose [(Y-90 ZEVALIN at 0.3 mCi/kg (11.1 
MBq/kg)] was used. Objective, durable clinical responses were observed [67% ORR 
(95% CI: 48-85%), 1 1 .8 months median DR (range: 4-17 months)] and resulted in a 
greater incidence of hematologic toxicity (see ADVERSE REACTIONS) than in Studies 
1 and 2. 

INDICATIONS AND USAGE 

ZEVALIN, as part of the ZEVALIN therapeutic regimen (see DOSAGE AND 
ADMINISTRATION), is indicated for the treatment of patients with relapsed or 
refractory low-grade, follicular, or transformed B-cell non-Hodgkin's lymphoma. 
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203 including patients with Rituximab refractory follicular non-Hodgkin's lymphoma. 

204 Determination of the effectiveness of the ZEVALIN therapeutic regimen in a relapsed or 

205 refractory patient population is based on overall response rates (see CLINICAL 

206 STUDIES). The effects of the ZEVALIN therapeutic regimen on survival are not known. 
207 

208 CONTRAINDICATIONS 

209 The ZEVALIN therapeutic regimen is contraindicated in patients with known Type I 

210 hypersensitivity or anaphylactic reactions to murine proteins or to any component of this 

211 product, including Rituximab, yttrium chloride, and indium chloride. 
212 

2 1 3 WARNINGS (SEE BOXED WARNING) 

214 Altered Biodistribution: Y-90 ZEVALIN should not be administered to patients with 

215 altered biodistribution of In-1 1 1 ZEVALIN. The expected biodistribution of In-1 1 1 

216 ZEVALIN includes easily detectable uptake in the blood pool areas on the first day 

217 image, with less activity in the blood pool areas on the second or third day image; 

218 moderately high to high uptake in normal liver and spleen during the first day and the 

219 second or third day image; and moderately low or very low uptake in normal kidneys, 

220 urinary bladder, and normal bowel on the first day image and the second or third day 

221 image. Altered biodistribution of In-1 1 1 ZEVALIN can be characterized by diffuse 

222 uptake in normal lung more intense than the cardiac blood pool on the first day image or 

223 more intense than the liver on the second or third day image; kidneys with greater 

224 intensity than the liver on the posterior view of the second or third day image; or intense 

225 areas of uptake throughout the normal bowel comparable to uptake by the liver on the 

226 second or third day images. 
227 

228 Severe Infusion Reactions (See PRECAUTIONS, Hypersensitivity): The ZEVALIN 

229 therapeutic regimen may cause severe, and potentially fatal, infusion reactions. These 

230 severe reactions typically occur during the first Rituximab infusion with time to onset of 

231 30 to 120 minutes. Signs and symptoms of severe infusion reaction may include 

232 hypotension, angioedema, hypoxia, or bronchospasm, and may require interruption of 

233 Rituximab, In-1 1 1 ZEVALIN, or Y-90 ZEVALIN administration. The most severe 
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234 manifestations and sequelae may include pulmonary infiltrates, acute respiratory distress 

235 syndrome, myocardial infarction, ventricular fibrillation, and cardiogenic shock. 

236 Because the ZEVALIN therapeutic regimen includes the use of Rituximab, see also 

237 prescribing information for RITUXAN (Rituximab). 

238 

239 Cytopenias (See ADVERSE REACTIONS, Hematologic Events): 

240 The most common severe adverse events reported with the ZEVALIN therapeutic 

241 regimen were thrombocytopenia (61% of patients with platelet counts <5 0,000 

242 cells/mm ) and neutropenia (57% of patients with absolute neutrophil count (ANC) 

243 <1 ,000 cells/mm-^) in patients with >1 50,000 platelets/mm^ prior to treatment. Both 

244 incidences of severe thrombocytopenia and neutropenia increased to 78% and 74% for 

245 patients with mild thrombocytopenia at baseline (platelet count of 100,000 to 149,000 

246 cells/mm^). For all patients, the median time to nadir was 7-9 weeks and the median 

247 duration of cytopenias was 22-35 days. In <5% of cases, patients experienced severe 

248 cytopenia that extended beyond the prospectively defined protocol treatment period of 12 

249 weeks following administration of the ZEVALIN therapeutic regimen. Some of these 

250 patients eventually recovered from cytopenia, while others experienced progressive 

25 1 disease, received further anti-cancer therapy, or died of their lymphoma without having 

252 recovered from cytopenia. The cytopenias may have influenced subsequent treatment 

253 decisions. 
254 

255 Hemorrhage, including fatal cerebral hemorrhage, and severe infections have occurred in 

256 a minority of patients in clinical studies. Careful monitoring for and management of 

257 cytopenias and their complications (e.g., febrile neutropenia, hemorrhage) for up to 3 

258 months after use of the ZEVALIN therapeutic regimen are necessary. Caution should be 

259 exercised in treating patients with drugs that interfere with platelet function or 

260 coagulation following the ZEVALIN therapeutic regimen and patients receiving such 

261 agents should be closely monitored. 
262 

263 The ZEVALIN therapeutic regimen should not be administered to patients with > 25% 

264 lymphoma marrow involvement and/or impaired bone marrow reserve, e.g., prior 
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265 myeloablative therapies; platelet count <1 00,000 cells/mm^; neutrophil count <1,500 

266 cells/nun ; hypocellular bone marrow (<1 5% cellularity or marked reduction in bone 

267 marrow precursors); or to patients with a history of failed stem cell collection. 
268 

269 Secondary Malignancies: Out of 349 patients treated with the ZEVALIN therapeutic 

270 regimen, three cases of acute myelogenous leukemia and two cases of myelodysplastic 

271 syndrome have been reported following the ZEVALIN therapeutic regimen (see 

272 ADVERSE REACTIONS). 
273 

274 Pregnancy Category D: Y-90 ZEVALIN can cause fetal harm when administered to a 

275 pregnant woman. There are no adequate and well-controlled studies in pregnant women. 

276 If this drug is used during pregnancy, or if the patient becomes pregnant while receiving 

277 this drug, the patient should be apprised of the potential hazard to the fetus. Women of 

278 childbearing potential should be advised to avoid becoming pregnant. 
279 

280 Creutzfeldt-Jakob disease (CJD): This product contains albumin, a derivative of 

281 human blood. Based on effective donor screening and product manufacturing processes, 

282 it carries an extremely remote risk for transmission of viral diseases. A theoretical risk 

283 for transmission of Creutzfeldt-Jakob disease (CJD) also is considered extremely remote. 

284 No cases of transmission of viral diseases or CJD have ever been identified for albumin. 
285 

286 PRECAUTIONS 

287 The ZEVALIN therapeutic regimen is intended as a single course treatment. The safety 

288 and toxicity profile from multiple courses of the ZEVALIN therapeutic regimen or of 

289 other forms of therapeutic irradiation preceding, following, or in combination with the 

290 ZEVALIN therapeutic regimen have not been established. 
291 

292 Radionuclide Precautions: The contents of the ZEVALIN kit are not radioactive. 

293 However, during and after radiolabeling ZEVALIN with In-1 1 1 or Y-90, care should be 

294 taken to minimize radiation exposure to patients and to medical personnel, consistent 

295 with institutional good radiation safety practices and patient management procedures. 
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296 

297 Hypersensitivity: Anaphylactic and other hypersensitivity reactions have been reported 

298 following the intravenous administration of proteins to patients. Medications for the 

299 treatment of hypersensitivity reactions, e.g., epinephrine, antihistamines and 

300 corticosteroids, should be available for immediate use in the event of an allergic reaction 

301 during administration of ZEVALIN. Patients who have received murine proteins should 

302 be screened for human anti-mouse antibodies (HAMA). Patients with evidence of 

303 HAMA have not been studied and may be at increased risk of allergic or serious 

304 hypersensitivity reactions during ZEVALESf therapeutic regimen administrations. 
305 

306 Immunization: The safety of immunization with live viral vaccines following the 

307 ZEVALIN therapeutic regimen has not been studied. Also, the ability of patients who 

308 received the ZEVALIN therapeutic regimen to generate a primary or anamnestic humoral 

309 response to any vaccine has not been studied. 
310 

3 1 1 Laboratory Monitoring: Complete blood counts (CBC) and platelet counts should be 

312 obtained weekly following the ZEVALIN therapeutic regimen and should continue until 

313 levels recover. CBC and platelet counts should be monitored more frequently in patients 

314 who develop severe cytopenia, or as clinically indicated. 
315 

316 Drug Interactions: No formal drug interaction studies have been performed with 

317 ZEVALIN. Due to the frequent occurrence of severe and prolonged thrombocytopenia, 

318 the potential benefits of medications which interfere with platelet function and/or 

319 anticoagulation should be weighed against the potential increased risks of bleeding and 

320 hemorrhage. Patients receiving medications that interfere with platelet function or 

321 coagulation should have more frequent laboratory monitoring for thrombocytopenia. In 

322 addition, the transfusion practices for such patients may need to be modified given the 

323 increased risk of bleeding. 
324 

325 Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies 

326 have been performed to establish the carcinogenic or mutagenic potential of the 
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327 ZEVALIN therapeutic regimen, or to determine its effects on fertility in males or 

328 females. However, radiation is a potential carcinogen and mutagen. The ZEVALIN 

329 therapeutic regimen results in a significant radiation dose to the testes. The radiation 

330 dose to the ovaries has not been established. There have been no studies to evaluate 

33 1 whether the ZEVALIN therapeutic regimen causes hypogonadism, premature 

332 menopause, azoospermia and/or mutagenic alterations to germ cells. There is a potential 

333 risk that the ZEVALIN therapeutic regimen could cause toxic effects on the male and 

334 female gonads. Effective contraceptive methods should be used during treatment and for 

335 up to 12 months following the ZEVALIN therapeutic regimen. 
336 

337 Pregnancy Category D: SEE WARNINGS. 

338 

339 Nursing Mothers: It is not known whether ZEVALIN is excreted in himian milk. 

340 Because human IgG is excreted in human milk and the potential for ZEVALIN exposure 

341 in the infant is unknown, women should be advised to discontinue nursing and formula 

342 feeding should be substituted for breast feedings (see CLINICAL PHARMACOLOGY). 
343 

344 Geriatric Use: Of 349 patients treated with the ZEVALIN therapeutic regimen in 

345 clinical studies, 38% (132 patients) were age 65 years and over, while 12% (41 patients) 

346 were age 75 years and over. No overall differences in safety or effectiveness were 

347 observed between these subjects and younger subjects, but greater sensitivity of some 

348 older individuals cannot be ruled out. 
349 

350 Pediatric Use: The safety and effectiveness of the ZEVALIN therapeutic regimen in 

351 children have not been established. 
352 

353 ADVERSE REACTIONS 

354 Safety data, except where indicated, are based upon 349 patients treated in 5 clinical 

355 studies with the ZEVALIN therapeutic regimen (see DOSAGE AND 

356 ADMINISTRATION). Because the ZEVALIN therapeutic regimen includes the use of 

357 Rituximab, also see prescribing information for RITUXAN (Rituximab). 



16 of 39 



358 

359 The most serious adverse reactions caused by the ZEVALIN therapeutic regimen include 

360 infections (predominantly bacterial in origin), allergic reactions (bronchospasm and 

361 angioedema), and hemorrhage while thrombocytopenic (resulting in deaths). In addition, 

362 patients who have received the ZEVALIN therapeutic regimen have developed myeloid 

363 malignancies and dysplasias. Fatal infusion reactions have occurred following the 

364 infusion of Rituximab. Please refer to the BOXED WARNINGS and WARNINGS 

365 sections for detailed descriptions of these reactions. 
366 

367 The most common toxicities reported were neutropenia, thrombocytopenia, anemia, 

368 gastrointestinal symptoms (nausea, vomiting, abdominal pain, and diarrhea), increased 

369 cough, dyspnea, dizziness, arthralgia, anorexia, anxiety, and ecchymosis. Hematologic 

370 toxicity was often severe and prolonged, whereas most non-hematologic toxicity was 

371 mild in severity. Table 7 lists adverse events that occurred in > 5% of patients. A more 

372 detailed description of the incidence and duration of hematologic toxicities, according to 

373 baseline platelet count (as an indicator of bone marrow reserve) is provided in Table 8, 

374 Hematologic Toxicity. 
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375 
376 
377 
378 



Table 7. 

Incidence of Adverse Events in > 5 % of Patients Receiving the ZEVALIN 

therapeutic regimen ^ 
(N = 349) 



379 
380 
381 





All Grades 


Grade 3/4 




% 


% 


Any Adverse Event 


99 


89 


Body as a Whole 


80 


12 


Asthenia 


43 


3 


Infection 


29 


5 


Chills 


24 


<1 


Fever 


17 


1 


Abdominal Pain 


16 


3 


Pain 


13 


1 


Headache 


12 


I 


Throat Irritation 


10 


0 


Back Pain 


8 


1 


Flushing 


6 


0 


Cardiovascular System 


17 


3 


Hypotension 


6 


1 


Digestive System 


48 


3 


Nausea 


31 


1 


Vomiting 


12 


0 


Diarrhea 


9 


<1 


Anorexia 


8 


0 


Abdominal enlargement 


5 


0 


Constipation 


5 


0 


Hemic and Lymphatic System 


98 


86 


Thrombocytopenia 


95 


63 


Neutropenia 


77 


60 


Anemia 


61 


17 


Ecchymosis 


7 


<1 


Metabolic and Nutritional Disorders 


23 


3 


Peripheral Edema 


8 


1 


Angioedema 


5 


<I 


Musculoskeletal System 


18 


1 


Arthralgia 


7 


1 


Myalgia 


7 


<1 


Nervous System 


27 


2 


Dizziness 


10 


<1 


Insomnia 


5 


0 


Respiratory System 


36 


3 


Dyspnea 


14 


2 


Increased Cough 


10 


0 


Rhinitis 


6 


0 


Bronchospasm 


5 


0 


Skin and Appendages 


28 


1 


Pruritus 


9 


<1 


Rash 


8 


<1 


Special Senses 


7 


<1 


Urogenital System 


6 


<1 



[ the first 



Rituximab infusion of the ZEVALIN therapeutic regimen 
Note: All adverse events are included, regardless of relationship. 
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382 

383 The following adverse events (except for those noted in Table 7) occurred in between 1 

384 and 4% of patients during the treatment period: urticaria (4%), anxiety (4%), dyspepsia 

385 (4%), sweats (4%), petechia (3%), epistaxis (3%), allergic reaction (2%), and melena 

386 (2%). 
387 

388 Severe or life-threatening adverse events occurred in 1 -5% of patients (except for those 

389 noted in Table 7) consisted of pancytopenia (2%), allergic reaction (1%), gastrointestinal 

390 hemorrhage (1%), melena (1%), tumor pain (1%), and apnea (1%). The following severe 

391 or life threatening events occurred in <1% of patients: angioedema, tachycardia, urticaria, 

392 arthritis, lung edema, pulmonary embolus, encephalopathy, hematemesis, subdural 

393 hematoma, and vaginal hemorrhage. 
394 

395 Hematologic Events: Hematologic toxicity was the most frequently observed adverse 

396 event in clinical trials. Table 8 presents the incidence and duration of severe hematologic 

397 toxicity for patients with normal baseline platelet count (> 150,000 cells/mm"^) treated 

398 with the ZEVALIN therapeutic regimen and patients with mild thrombocytopenia 

399 (platelet count 100,000 to 149,000 cells/mm^) at baseline who were treated with a 

400 modified ZEVALIN therapeutic regimen that included a lower specific activity Y-90 

401 ZEVALIN dose at 0.3 mCi/kg (11.1 MBq/kg). 
402 
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403 Table 8. 

404 Severe Hematologic Toxicity 

405 
406 





ZEVALIN 


Modified ZEVALIN 




therapeutic regimen 


therapeutic regimen 




using 0.4 mCi/kg Y-90 Dose 


using 0.3 mCi/kg Y-90 dose 




(14.8 MBq/kg) 


(11.1 MBq/kg) 


ANC 






Median nadir (cells/mm^) 


800 


600 


Per Patient Incidence 


57% 






74% 


ANC <1 000 cells/mm^ 


Per Patient Incidence 


30% 






35% 


ANC <500 cells/mm^ 


Median Ouration TDavsV 


22 


29 


ANC <1000 celk/mm"* 

yil^V-' Iv/W VV 113/111111 








Median nadir (cells/mm^) 


41,000 


24,000 


Per Patient Incidence 






Platelets <50,000 


61% 


78% 


cells/mm^ 






Per Patient Incidence 






Platelets < 10,000 


10% 


14% 


cells/mm^ 






Median Duration (Days/ 






Platelets <50,000 


24 


35 


cells/mm^ 







407 *Median duration of neutropenia for patients with ANC <1000 cells/mm^ (Date from last laboratory value 

408 showing ANC >1000 cells/mm^ to date of first laboratory value following nadir showing ANC >1000 

409 cells/mm^, censored at initiation of next treatment or death) 

410 ^ Median duration of thrombocytopenia for patients with platelets <50,000 cells/mm^ (Date from last 

411 laboratory value showing platelet count >50,000 cells/mm^ to date of first laboratory value following nadir 

412 showing platelet count >50,000 cells/mm^, censored at initiation of next treatment or death) 
413 

414 Median time to ANC nadir was 62 days, to platelet nadir was 53 days, and to hemoglobin 

415 nadir was 68 days. Information on growth factor use and platelet transfusions is based on 

416 211 patients for whom data were collected. Filgrastim was given to 13% of patients and 

417 erythropoietin to 8%. Platelet transfusions were given to 22% of patients and red blood 

4 1 8 cell transfusions to 20%. 
419 

420 Infectious Events: During the first 3 months after initiating the ZEVALIN therapeutic 

421 regimen, 29% of patients developed infections. Three percent of patients developed 

422 serious infections comprising urinary tract infection, febrile neutropenia, sepsis, 

423 pneumonia, cellulitis, colitis, diarrhea, osteomyelitis, and upper respiratory tract 
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424 infection. Life threatening infections were reported for 2% of patients that included 

425 sepsis, empyema, pneumonia, febrile neutropenia, fever, and biliary stent-associated 

426 cholangitis. During follow-up from 3 months to 4 years after the start of treatment with 

427 ZEVALIN, 6% of patients developed infections. Two percent of patients had serious 

428 infections comprising urinary tract infection, bacterial or viral pneumonia, febrile 

429 neutropenia, perihilar infiltrate, pericarditis, and intravenous drug-associated viral 

430 hepatitis. One percent of patients had life threatening infections that included bacterial 

431 pneumonia, respiratory disease, and sepsis. 
432 

433 Secondary Malignancies: A total of 2% of patients developed secondary malignancies 

434 following the ZEVALIN therapeutic regimen. One patient developed a Grade 1 

435 meningioma, three developed acute myelogenous leukemia, and two developed a 

436 myelodysplastic syndrome. The onset of a second cancer was 8-34 months following the 

437 ZEVALIN therapeutic regimen and 4 to 14 years following the patients' diagnosis of 

438 NHL. 
439 

440 Immunogenicity: Of 211 patients who received the ZEVALIN therapeutic regimen in 

441 clinical trials and who were followed for 90 days, there were eight (3.8%) patients with 

442 evidence of human anti-mouse antibody (HAMA) (n=5) or human anti-chimeric antibody 

443 (HACA) (n=4) at any time during the course of the study. Two patients had low titers of 

444 HAMA prior to initiation of the ZEVALIN therapeutic regimen; one remained positive 

445 without an increase in titer while the other had a negative titer post-treatment. Three 

446 patients had evidence of HACA responses prior to initiation of the ZEVALIN therapeutic 

447 regimen; one had a marked increase in HACA titer while the other two had negative titers 

448 post-treatment. Of the three patients who had negative HAMA or HACA titers prior to 

449 the ZEVALIN therapeutic regimen, two developed HAMA in absence of HACA titers, 

450 and one had both HAMA and HACA positive titers post-treatment. Evidence of 

45 1 immunogenicity may be masked in patients who are lymphopenic. There has not been 

452 adequate evaluation of HAMA and HACA at delayed timepoints, concurrent with the 

453 recovery from lymphopenia at 6-12 months, to establish whether masking of the 

454 immunogenicity at early timepoints occurs. The data reflect the percentage of patients 
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455 whose test results were considered positive for antibodies to Ibritumomab or Rituximab 

456 using kinetic enzyme immunoassays to Ibritumomab and Rituximab. The observed 

457 incidence of antibody positivity in an assay is highly dependent on the sensitivity and 

458 specificity of the assay and may be influenced by several factors including sample 

459 handling and concomitant medications. Comparisons of the incidence of HAMA/HACA 

460 to the ZEVALIN therapeutic regimen v^ith the incidence of antibodies to other products 

46 1 may be misleading. 
462 

463 OVERDOSAGE 

464 Doses as high as 0.52 mCi/kg (19.2 MBq/kg) of Y-90 ZEVALIN were administered in 

465 ZEVALIN therapeutic regimen clinical trials and severe hematological toxicities v^ere 

466 observed. No fatalities or second organ injury resulting from overdosage administrations 

467 were documented. However, single doses up to 50 mCi (1850 MBq) of Y-90 ZEVALIN, 

468 and multiple doses of 20 mCi (740 MBq) followed by 40 mCi (1480 MBq) of 

469 Y-90 ZEVALIN were studied in a limited number of subjects. In these trials, some 

470 patients required autologous stem cell support to manage hematological toxicity. 
471 

472 DOSAGE AND ADMINISTRATION 

473 The ZEVALIN therapeutic regimen is administered in two steps: Step 1 includes a single 

474 infusion of 250 mg/m Rituximab (not included in the ZEVALIN kits) preceding a fixed 

475 dose of 5.0 mCi (1 .6 mg total antibody dose) of In- 11 1 ZEVALIN administered as a 10 

476 minute IV push. Step 2 follows step 1 by seven to nine days and consists of a second 

477 infusion of 250 mg/m^ of Rituximab prior to 0.4 mCi/kg of Y-90 ZEVALIN administered 

478 as a 1 0 minute IV push. 
479 
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480 Rituximab Administration: NOTE THAT THE DOSE OF RITUXIMAB IS 

48 1 LOWER WHEN USED AS PART OF THE ZE VALIN THERAPEUTIC 

482 REGIMEN, AS COMPARED TO THE DOSE OF RITUXIMAB WHEN USED AS 

483 A SINGLE AGENT. DO NOT ADMINISTER RITUXIMAB AS AN 

484 INTRAVENOUS PUSH OR BOLUS. Hypersensitivity reactions may occur (see 

485 WARNINGS). Premedication, consisting of acetaminophen and diphenhydramine, 

486 should be considered before each infusion of Rituximab. 
487 

488 ZEVALIN Therapeutic Regimen Dose Modification in Patients with Mild 

489 Thrombocytopenia: The Y-90 ZEVALIN dose should be reduced to 0.3 mCi/kg (11.1 

490 MBq/kg) for patients with a baseline platelet count between 100,000 and 149,000 

491 cells/mm^. 
492 

493 Two separate and distinctly-labeled kits are ordered for the preparation of a single dose 

494 each of In- 11 1 ZEVALIN and Y-90 ZEVALIN. In- 1 1 1 ZEVALIN and Y-90 ZEVALIN 

495 are radiopharmaceuticals and should be used only by physicians and other professionals 

496 qualified by training and experienced in the safe use and handling of radionuclides. 

497 Changing the ratio of any of the reactants in the radiolabeling process may 

498 adversely impact therapeutic results. In-Ill ZEVALIN and Y-90 ZEVALIN should 

499 not be used in the absence of the Rituximab pre-dose. 
500 
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501 Overview of Dosing Schedule: 

502 

Day 1 

IV infusion of 250 mg/rf of Rituximab 



Within 4 hours 
I 

IV injection of ln-111 ZEVALIN over 10 minutes 

i 

Assess Biodistribution 

1*' image 2 to 24 hours after ln-1 1 1 ZEVALIN 
2"" image 48 to 72 hours after ln-1 1 1 ZEVALIN 
OPTIONAL: 3=^ image 90 to 120 hours after ln-1 1 1 ZEVALIN 




Yes 



I 

Day 7-9 

IV infusion of 250 mg/rt of Rituximab 



Within 4 hours 



IV injection ofY-90 ZEVALIN over 10 minutes as follows: 

0.4 mCi/kg (14.8 MBq/kg) for patients with normal platelet count 

0.3 mCi/kg (11.1 MBq/kg) for patients with platelet count of 100,000 - 149,000cells/rfim 



DO NOT TREAT PATIENTS WITH 
< 100,000 PLATELETS/mrft 



THE MAXIMUM ALLOWABLE 
DOSE OF Y-90 ZEVALIN IS 
32.0 mCi(1184MBq) 



*See IMAGE ACQUISITION AND INTERPRETATION 

503 
504 
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505 ZEVALIN Therapeutic Regimen Administration 

506 Step 1 : 

507 First Rituximab Infusion: Rituximab atadose of 250 mg/m should be administered 

508 intravenously at an initial rate of 50 mg/hr. Rituximab should not be mixed or diluted 

509 with other drugs. If hypersensitivity or infusion-related events do not occur, escalate the 

510 infusion rate in 50 mg/hr increments every 30 minutes, to a maximum of 400 mg/hr. If 

5 1 1 hypersensitivity or an infusion-related event develops, the infusion should be temporarily 

512 slowed or interrupted (see WARNINGS). The infusion can continue at one-half the 

5 1 3 previous rate upon improvement of patient symptoms. 
514 

515 In-1 1 1 ZEVALIN Injection: Within 4 hours following completion of the Rituximab 

516 dose, 5.0 mCi (1.6 mg total antibody dose) of In-1 1 1 ZEVALIN is injected intravenously 

517 (L V.) over a period of 1 0 minutes. 
518 

519 Step 2: 

520 Step 2 of the ZEVALIN therapeutic regimen is initiated seven to nine days following 

521 Step 1 administrations. 
522 

523 Second Rituximab Infusion: Rituximab at a dose of 250 mg/m^ is administered I.V. at an 

524 initial rate of 100 mg/hr (50 mg/hr if infusion related events were documented during the 

525 first Rituximab administration) and increased by 100 mg/hr increments at 30 minute 

526 intervals, to a maximum of 400 mg/hr, as tolerated. 
527 

528 Y-90 ZEVALIN Injection: 

529 Within 4 hours following completion of the Rituximab dose, Y-90 ZEVALIN at a dose of 

530 0.4 mCi/kg (14.8 MBq/kg) actual body weight for patients with a platelet count >150,000 

531 cells/mm , and 0.3 mCi/kg (11.1 MBq/kg) actual body weight for patients with a platelet 

532 count of 100,000-149,000 cells/mm^ is injected intravenously (I.V.) over a period of 10 

533 minutes. Precautions should be taken to avoid extravasation. A free flowing I.V. line 

534 should be established prior to Y-90 ZEVALIN injection. Close monitoring for evidence 

535 of extravasation during the injection of Y-90 ZEVALIN is required. If any signs or 
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536 symptoms of extravasation have occurred, the infusion should be immediately terminated 

537 and restarted in another vein. The prescribed, measured, and administered dose of 

538 Y-90 ZEVALIN must not exceed the absolute maximum allowable dose of 32.0 mCi 

539 (1184 MBq), regardless of the patient's body weight. Do not give Y-90 ZEVALIN to 

540 patients with a platelet count <100,000/mm^ (see WARNINGS). 
541 

542 DIRECTIONS FOR PREPARATION OF RADIOLABELED ZEVALIN. 

543 

544 A. PREPARATION OF THE IN-111 ZEVALIN DOSE 

545 

546 GENERAL: 

547 Read all directions thoroughly and assemble all materials before starting the 

548 radiolabeling procedure. Important, significant differences exist in the preparation 

549 of the In-1 1 1 ZEVALIN dose and the Y-90 ZEVALIN dose. 

550 

551 The patient dose should be measured by a suitable radioactivity calibration system 

552 immediately prior to administration. The dose calibrator must be operated in 

553 accordance with the manufacturer's specifications and quality control for the 

554 measurement of In-Ill. 

555 

556 Proper aseptic technique and precautions for handling radioactive materials should be 

557 employed. Waterproof gloves should be utilized in the preparation and during the 

558 determination of radiochemical purity of In-1 1 1 ZEVALIN. Appropriate shielding 

559 should be used during radiolabeling, and use of a syringe shield is recommended during 

560 administration to the patient. The radiolabeling of ZEVALIN shall be done according to 

561 the following directions. 
562 
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563 Required materials not supplied in the kit: 



564 






565 


A. 


Indium- 1 1 1 Chloride Sterile Solution (In-1 1 1 Chloride) from Amersham 


566 




Health, Inc. or Mallinckrodt, Inc. 


567 


B. 


Three sterile 1 mL syringes 


568 


C. 


One sterile 3 mL syringe 


569 


D. 


Two sterile 10 mL syringes with 18-20 G needles 


570 


E. 


Instant thin-layer chromatographic silica gel strips 


571 


F. 


0.9% sodium chloride aqueous solution for the chromatography solvent 


572 


G. 


Developing chamber for chromatography 


573 


H. 


Suitable radioactivity counting apparatus 


574 


I. 


Filter, 0.22 micrometer, low-protein-binding 


575 


J. 


Vial and syringe shield 


576 






577 


Method: 


578 






579 


1. 


Sterile, pyrogen-free In-1 1 1 chloride must be used for the preparation of 


580 




In-1 1 1 ZEVALIN. The use of high purity In-1 1 1 chloride manufactured by 


581 




Amersham Health, Inc. or Mallinckrodt, Inc. is required. 


582 






583 


2. 


Before radiolabeling, allow contents of the refrigerated carton to reach room 


584 




temperature. Note: The ZEVALIN vial contains a protein solution that may 


585 




develop translucent particulates. These particulates will be removed by filtration 


586 




prior to administration. 


587 






588 


3. 


Clean the rubber stoppers of all of the vials in the kit and the In-1 1 1 chloride vial 


589 




with a suitable alcohol swab and allow to air dry. 


590 






591 


4. 


Place the empty Reaction Vial in a suitable dispensing shield (pre-warmed to 


592 




room temperature). To avoid the buildup of excessive pressure during the 


593 




procedure, use a 10 mL syringe to withdraw 10 mL of air from the Reaction Vial. 
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594 



595 5. Prior to initiating the radiolabeling reaction, determine the amount of each 

596 component needed according to the directions below: 
597 

598 a. Calculate the volume of In-1 1 1 chloride that is equivalent to 5.5 mCi 

599 based on the activity concentration of the In- 11 1 chloride stock. 
600 

601 b. The volume of 50 mM sodium acetate solution needed is 1 .2 times the 

602 volume of In-1 1 1 chloride solution determined in step 5. a., above. (The 

603 50 mM sodium acetate is used to adjust the pH for the radiolabeling 

604 reaction.) 
605 

606 c. Calculate the volume of Formulation Buffer needed to bring the Reaction 

607 Vial contents to a final volume of 10 mL. This is the volume of 

608 Formulation Buffer needed to protect the labeled product from radiolysis 

609 and to terminate the labeling reaction. For example, if volumes of 0.5 mL 

610 of In- 11 1 chloride, 0.6 mL of sodium acetate and 1 .0 mL of ZEVALIN 

61 1 were used, then the amount of formulation buffer would be 10-(0.5 + 0.6 + 

612 1.0) = 7.9 mL. 
613 

614 6. With a sterile 1 mL syringe, transfer the calculated volume of 50 mM of sodium 

615 acetate to the empty Reaction Vial. Coat the entire inner surface of the Reaction 

616 Vial by gentle inversion or rolling. 
617 

618 7. Transfer 5.5 mCi of In-1 1 1 chloride to the Reaction Vial with a sterile 1 mL 

619 syringe. Mix the two solutions and coat the entire inner surface of the Reaction 

620 Vial by gentle inversion or rolling. 
621 

622 8. With a sterile 3 mL syringe, transfer 1 .0 mL of ZEVALIN (Ibritumomab 

623 Tiuxetan) to the Reaction Vial. Coat the entire surface of the Reaction Vial by 
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624 gentle inversion or rolling. Do not shake or agitate the vial contents, since this 

625 will cause foaming and denaturation of the protein. 

626 

627 9. AUov^ the labeling reaction to proceed at room temperature for 30 minutes. 

628 Allowing the labeling reaction to proceed for a longer or shorter time may result 

629 in inadequate labeling. 
630 

631 10. Immediately after the 30-minute incubation period, using a sterile 10 mL syringe 

632 w^ith a large bore needle (18 G - 20 G), transfer the calculated volume of 

633 Formulation Buffer from step 5.c. to the Reaction Vial. Gently add the 

634 Formulation Buffer down the side of the Reaction Vial. If necessary, to 

635 normalize air pressure, withdraw an equal volume of air. Coat the entire inner 

636 surface of the Reaction Vial by gentle inversion or rolling. Do not shake or 

637 agitate the vial contents. Avoid foaming. 
638 

639 11. Using the supplied labels, record the patient identification, the date and time of 

640 preparation, the total activity and volume, and the date and time of expiration, and 

641 affix these labels to the reaction vial and shielded reaction vial container. 
642 

643 12. Calculate the volume required for an In-1 1 1 ZEVALrM dose of 5 mCi. Withdraw 

644 the required volume from the Reaction Vial contents into a sterile 10 mL syringe 

645 with a large bore needle (1 8 G - 20 G). Assay the syringe and contents in a dose 

646 calibrator. The syringe should contain the dose of In-1 1 1 ZEVALIN to be 

647 administered to the patient. Using the supplied labels, record the patient 

648 identification, the date and time of preparation, the total activity and volume 

649 added, and the date and time of expiration, and affix these labels to the syringe 

650 and shielded unit dose container. 
651 

652 13. Determine Radiochemical purity. See Section C: Procedure for Determining 

653 Radiochemical Purity Section that follows DIRECTIONS FOR PREPARATION 

654 OF THE Y-90 ZEVALIN DOSE. 
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655 

656 14. Indium- 1 1 1 ZEVALIN should be stored at 2 - 8°C (36-46°F) until use and 

657 administered within 12 hours of radiolabeling. 
658 

659 15. See DOSAGE AND ADMINISTRATION: ZEVALIN Therapeutic Regimen 

660 Administration: Step 1 
661 

662 1 6. Discard vials, needles and syringes in accordance with local, state, and federal 

663 regulations governing radioactive and biohazardous waste. 
664 

665 B. PREPARATION OF THE Y-90 ZEVALIN DOSE 

666 

667 GENERAL: 

668 Read all directions thoroughly and assemble all materials before starting the 

669 radiolabeling procedure. Important, signiflcant differences exist in the preparation 

670 of the In-Ill ZEVALIN dose and the Y-90 ZEVALIN dose. 

671 

672 The patient dose should be measured by a suitable radioactivity calibration system 

673 immediately prior to administration. The dose caUbrator must be operated in 

674 accordance with the manufacturer's speciflcations and quality control for the 

675 measurement of Y-90. 

676 

677 Proper aseptic technique and precautions for handling radioactive materials should be 

678 employed. Waterproof gloves should be utilized in the preparation and during the 

679 determination of radiochemical purity of Y-90 ZEVALIN. Appropriate shielding should 

680 be used during radiolabeling, and use of a syringe shield is recommended during 

681 administration to the patient. The radiolabeling of ZEVALIN shall be done according to 

682 the following directions. 
683 
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684 Required materials not supplied in the kit: 
685 



686 


A. 


Yttrium-90 Chloride Sterile Solution from MDS Nordion (shipped directly 


687 




from MDS Nordion upon placement of an order for the Y-90 ZEVALIN kit) 


688 


B. 


Three sterile 1 mL syringes 


689 


C. 


One sterile 3 mL syringe 


690 


D. 


Two sterile 10 mL syringes with 18-20 G needles 


691 


E. 


Instant thin-layer chromatographic silica gel strips (ITLC-SG) 


692 


F. 


0.9% sodium chloride aqueous solution for the chromatography solvent 


693 


G. 


Suitable radioactivity counting apparatus 


694 


H. 


Developing chamber for chromatography 


695 


I. 


Filter, 0.22 micrometer, low-protein-binding 


696 


J. 


Vial and syringe shield 


697 






698 


Method: 


699 






700 


1. 


Sterile, pyrogen-free Y-90 chloride must be used for the preparation of Y-90 



701 ZEVALIN. The use of high purity Y-90 chloride manufactured by MDS Nordion 

702 is required. 
703 

704 2. Before radiolabeling, allow the contents of the refrigerated carton to reach room 

705 temperature. Note: The ZEVALIN vial contains a protein solution that may 

706 develop translucent particulates. These particulates will be removed by filtration 

707 prior to administration. 
708 

709 3. Clean the rubber stoppers of all of the vials in the kit and the Y-90 chloride vial 

710 with a suitable alcohol swab and allow to air dry. 
711 

712 4. Place the empty Reaction Vial in a suitable dispensing shield (pre-warmed to 

713 room temperature). To avoid the buildup of excessive pressure during the 

714 procedure, use a 10 mL syringe to withdraw 10 mL of air from the Reaction Vial. 
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715 

716 5. Prior to initiating the radiolabeling reaction, determine the amount of each 

717 component needed according to the directions below: 
718 

719 a. Calculate the volume of Y-90 chloride that is equivalent to 40 mCi based 

720 on the activity concentration of the Y-90 chloride stock. 
721 

722 b. The volume of 50 mM sodium acetate solution needed is 1.2 times the 

723 volume of Y-90 chloride solution determined in step 5.a., above. (The 

724 50 mM sodium acetate is used to adjust the pH for the radiolabeling 

725 reaction.) 
726 

727 c. Calculate the volume of Formulation Buffer needed to bring the Reaction 

728 Vialcontentstoafinal volume of 10 mL. This is the volume of 

729 Formulation Buffer needed to protect the labeled product from radiolysis 

730 and to terminate the labeling reaction. For example if the volumes were 

73 1 0.5 mL of Y-90 chloride, 0.6 mL of sodium acetate and 1 .3 mL of 

732 ZEVALIN, then the amount of formulation buffer would be 

733 1 0-(0.5 + 0.6+ 1 .3) = 7.6 mL. 
734 

735 6. With a sterile 1 mL syringe, transfer the calculated volume of 50 mM sodium 

736 acetate to the empty Reaction Vial. Coat the entire inner surface of the Reaction 

737 Vial by gentle inversion or rolling. 
738 

739 7. Transfer 40 mCi of Y-90 chloride to the Reaction Vial with a sterile 1 mL 

740 syringe. Mix the two solutions and coat the entire inner surface of the Reaction 

741 Vial by gentle inversion or rolling. 
742 

743 8. With a sterile 3 mL syringe, transfer 1 .3 mL of ZEVALIN (Ibritumomab 

744 Tiuxetan) to the Reaction Vial. Coat the entire surface of the Reaction Vial by 
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745 gentle inversion or rolling. Do not shake or agitate the vial contents, since this 

746 will cause foaming and denaturation of the protein. 

747 

748 9. Allow the labeling reaction to proceed at room temperature for 5 minutes. 

749 Allowing the labeling reaction to proceed for a longer or shorter time may result 

750 in inadequate labeling. 
751 

752 10. Immediately after the 5-minute incubation period, using a sterile 10 mL syringe 

753 with a large bore needle (1 8 G - 20 G), transfer the calculated volume of 

754 Formulation Buffer from step 5.c. to the Reaction Vial, terminating incubation. 

755 Gently add the Formulation Buffer down the side of the Reaction Vial. If 

756 necessary to normalize air pressure, withdraw an equal volume of air. Coat the 

757 entire inner surface of the Reaction Vial by gentle inversion or rolling. Do not 

758 shake or agitate the vial contents. Avoid foaming. 
759 

760 1 1 . Using the supplied labels, record the patient identification, the date and time of 

761 preparation, the total activity and volume, and the date and time of expiration and 

762 affix these labels to the reaction vial and shielded reaction vial container. 
763 

764 12. Calculate the volume required for a Y-90 ZEVALIN dose of 0.4 mCi/kg 

765 (14.8 MBq/kg) actual body weight for patients with normal platelet count, and 

766 0.3 mCi/kg (11.1 MBq/kg) actual body weight for patients with platelet count of 

767 100,000 - 149,000 cells/mm . The prescribed, measured, and administered 

768 dose of Y-90 ZEVALIN must not exceed the absolute maximum allowable 

769 dose of 32.0 mCi (1184 MBq), regardless of the patient's body weight. 

770 Withdraw the required volume from the Reaction Vial contents into a sterile 

771 10 mL syringe with a large bore needle (18 G - 20 G). Assay the syringe and 

772 contents in a dose calibrator. The dose calibrator must be operated in accordance 

773 with the manufacturer's specifications and quality control for the measurement of 

774 Y-90. The syringe should contain the dose of Y-90 ZEVALIN to be administered 

775 to the patient, and should be within 10% of the actual prescribed dose of Y-90 
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776 ZEVALIN, not to exceed a maximum dose of 32.0 mCi. Do not exceed ± 10% of 

777 the prescribed dose. Using the supplied labels, record the patient identification, 

778 the date and time of preparation, the total activity and volume added, and the date 

779 and time of expiration and affix these labels to the syringe and shielded unit dose 

780 container. 
781 

782 13. Determine Radiochemical Purity. See Section C: Procedure for Determining 

783 Radiochemical Purity Section that follows these DIRECTIONS FOR 

784 PREPARATION OF THE Y-90 ZEVALIN DOSE. 
785 

786 14. Yttrium-90 ZEVALIN should be stored at 2 - 8°C (36-46°F) until use and 

787 administered within 8 hours of radiolabeling. 
788 

789 15. See DOSAGE AND ADMINISTRATION: ZEVALIN Therapeutic Regimen 

790 Administration: Step 2. 
791 

792 16. Discard vials, needles and syringes in accordance with local, state, and federal 

793 regulations governing radioactive and biohazardous waste. 
794 



795 Yttrium-90 ZEVALIN is suitable for administration on an outpatient basis. Beyond the 

796 use of vial and syringe shields for preparation and injection, no special shielding is 

797 necessary. 
798 

799 C. PROCEDURE FOR DETERMINING RADIOCHEMICAL PURITY (RCP) 

800 The following procedure should be used for both In- 111 ZEVALIN and 

801 Y-90 ZEVALIN: 



802 

803 A. At room temperature, place a small drop of either In-1 1 1 ZEVALIN or 

804 Y-90 ZEVALIN at the origin of an ITLC-SG strip. 

805 B. Place the ITLC-SG strip into a chromatography chamber with the origin at the 

806 bottom and the solvent front at the top. Allow the solvent (0.9% NaCl) to 
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807 migrate at least 5 cm from the bottom of the strip. Remove the strip from the 

808 chamber and cut the strip in half. Count each half of the ITLC-SG strip for 

809 one minute (CPM) with a suitable counting apparatus. 

810 C. Calculate the percent RCP as follows: 

CPM bottom half 

% RCP - ^^^^^ j^^j^^ j^^j^ X 100 

811 

812 D. If the radiochemical purity is <95%, the ITLC procedure should be repeated. 

813 If repeat testing confirms that radiochemical purity is <95%, the preparation 

814 should not be administered. 
815 



8 1 6 IMAGE ACQUISITION AND INTERPRETATION 

817 The biodistribution of In- 11 1 ZEVALIN should be assessed by a visual evaluation of 

818 whole body planar view anterior and posterior gamma images at 2 - 24 hours and 48 - 72 

819 hours after injection. To resolve ambiguities, a third image at 90- 120 hours may be 

820 necessary. Images should be acquired using a large field of view gamma camera 

821 equipped with a medium energy collimator. The gamma camera should be calibrated 

822 using the 171 and 245 keV photopeaks for In-1 1 1 with a 15% - 20% symmetric window. 

823 Using a 256 x 1024 computer acquisition matrix, the scan speed should be 10 cm/min for 



824 the first scan, 7 cm/min for the second scan, and 5 cm/min for the optional third scan. 
825 

826 The radiopharmaceutical is expected to be easily detectable in the blood pool areas at the 

827 first time point, with less activity in the blood pool on later images. Moderately high to 

828 high uptake is seen in the normal liver and spleen, with low uptake in the lungs, kidneys, 

829 and urinary bladder. Localization to lymphoid aggregates in the bowel wall has been 

830 reported. Tumor uptake may be visualized in soft tissue as areas of increased intensity, 

831 and tumor-bearing areas in normal organs may be seen as areas of increased or decreased 

832 intensity. 
833 

834 If a visual inspection of the gamma images reveals an altered biodistribution, the patient 

835 should not proceed to the Y-90 ZEVALIN dose. The patient may be considered to have 

836 an altered biodistribution if the blood pool is not visualized on the first image indicating 
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837 rapid clearance of the radiopharmaceutical by the reticuloendothelial system to the liver, 

838 spleen, and/or marrow. Other potential examples of altered biodistribution may include 

839 diffuse uptake in the normal lungs or kidneys more intense than the liver on the second or 

840 third image. 
841 

842 During ZEVALIN clinical development, individual tumor radiation absorbed dose 

843 estimates as high as 778 cGy/mCi have been reported. Although solid organ toxicity has 

844 not been directly attributed to radiation from adjacent tumors, careful consideration 

845 should be applied before proceeding v^ith treatment in patients with very high tumor 

846 uptake next to critical organs or structures. 
847 

848 HOW SUPPLIED 

849 The In-1 1 1 ZEVALIN kit provides for the radiolabeling of Ibritumomab Tiuxetan with 

850 In- 1 H . The Y-90 ZEVALIN kit provides for the radiolabeling of Ibritumomab Tiuxetan 

851 with Y-90. 
852 

853 The kit for the preparation of a single dose of In-1 1 1 ZEVALIN includes four vials: one 

854 ZEVALIN vial containing 3.2 mg of Ibritumomab Tiuxetan in 2 mL of 0.9% sodium 

855 chloride solution; one 50 mM Sodium Acetate vial; one Formulation Buffer vial; one 

856 empty Reaction vial and four identification labels. 
857 

858 The kit for the preparation of a single dose of Y-90 ZEVALIN includes four vials: one 

859 ZEVALIN vial containing 3.2 mg of Ibritumomab Tiuxetan in 2 mL of 0.9% sodium 

860 chloride solution; one 50 mM Sodium Acetate vial; one Formulation Buffer vial; one 

861 empty Reaction vial and four identification labels. 
862 

863 The contents of all vials are sterile, pyrogen-free and contain no preservatives. 
864 

865 The Indium- 1 1 1 Chloride Sterile Solution (In-1 1 1 Chloride) must be ordered separately 

866 from either Amersham Health, Inc. or Mallinckrodt, Inc. at the time the In-1 1 1 
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867 ZEVALIN kit is ordered. The Yttrium-90 Chloride Sterile Solution will be shipped 

868 directly from MDS Nordion upon placement of an order for the Y-90 ZEVALIN kit. 
869 

870 Storage 

871 Store at 2 -8°C (36-46°F). Do not freeze. 
872 
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[57] 



ABSTRACT 



Disclosed herein are therapeutic treatment protocols 
designed for the treatment of B cell lyir^homa. These 
protocols are based upon therapeutic strategies which 
include the use of administration of immunologically active 
mouse/human chimeric anti-(ID20 antibodies, radiolabeled 
anti-CD20 antibodies, and cooperative strategies con^ising 
the use of chimeric anti-CD20 antibodies and radiolabeled 
anti-CD20 antibodies. 
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LINKER ffl I5bpj SV40 0R(CIN=332bp 

GACGTCGCGG CCGCTjcrAGG CCTCCAAAAA AGCCTCCTCA CTACTTCrGG AATAGCTCAG 60 

AGGCCGAGGC GGCCTCGGCC TCTGCaTAAA TaaaaaaaaT TAGTCAGC1.A TGCATGGuGC 120 

GGAGAATGGG CGGAACTGGG CGGAGTTaGG GGCGGGATGG GCGGAGTTaC GGGCGGGaCT 180 

ATGGTTGCTG ACTAATTGAG ATGCATGCTT TGCATACTTC TGCCTGCTGG GGAGCCTGGG 240 

GACTTTCCAC ACCTGGTTGC TGACTAATTG AGATGCATGC TTTGCATACT rCTGCCTGCT 300 

lUNKER #2=i3bp 

GGGGAGCCTG GGGACTTTCC ACACCCTAAC TGACACACAT TCCACAGUaT TAATTCCCCT 360 

347 '8 360 I 

AGTTATTAAT AGTAATCAAT TACGGGGTCA TTAGTTCATA GCCCATATAT GGAGTTCCGC 420 

GTTACATAAC TTACGGTaaa TGGCCCGCCT GGCTGACCGC CCAACGACCC CCGCCCATTG iJiao 

CMV PR0M0TER-ENHANCER=567bp 

ACGTCAATAA TGaCGTATGT TCCCATAGTA ACGCCAATAG GGACTTTCCA TTGACGTCAA 5^0 

TGGGTGGACT ATTTACGGTA AACTGCCCAC TTGGCAGTAC ATCAAGTGTA rCATATGCCA 600 

AGTaCGCCCC CTATTGACGT CAATGACGGT AAATGGCCCG CCTGGCATTA rCCCCAGlAC 660 

ATGACCTTAT GGGACTTTCC TACTTGGCAG TACATCTACG TATTAGTCAT CCCTATTACC 720 

ATGGTGATGC GGTTTTGGCA GTACATCAAT GGGCGTGGAT AGCGGTTTGA CTCACGGGGA 780 

TTTCCAAGTC TCCACCCCAT TGACGTCAAT GGGAGTTTGT TTTGGCACCA AAATCAACGG 840 

GACTTTCCAA AATGTCGTaa CAACTCCGCC CCATTGACGC AAATGGGCGG TAGGCGTGTA 900 

t LINK ER #3=76b£j 

CGGTGGGAGG TCTATATAAG CAGAGCTIGGG TACGjfGAACC GTCAGATCGC CTGGAGACGC 960 

Bgl II I '^^'^ ^ LEADER=60bp 

CATCAC AGAT CT CTCACcIaT GAGGGTCCCC GCTCAGCTCC TGGGGCTCCT GCTGCTCTGG 1020 

978 ■ 9 

I+1J10I 102 107 1108 

CTCCCAGGTG CACGATGTGATCgT GTCGAAATcS'^A^EGiACGGT GGCTGCACCA t080 

1038^9^ 1062 '3 Bsi WI 

TCTGTCTTCA TCTTCCCGCC ATCTGATGAG CAGTTGAAAT CTGGAACTGC CTCTGTTGTG M4a 

TGCCTGCTGA ATAACTTCTA TCCCAGAGAG GCCAAAGTAC AGTGCAAGGT GGATAACCC^ 1200 

HUMAN KAPPA CONSTANT 324bp 107 AMINO ACID U STOP CODON 
CTCCAATCGG GTaaCTCCCA GGAGAGTGTC ACAGaGCAGG ACAGCAAGGA CAGCACCTAr 1260 

ACCCTCAGCA GCACCCTGAC GCTGAGCAAA GCAGACTACG AGAAACACAA AGTCTACGCC 1320 

TGCGAAGTCA CCCATCAGGG CCTGAGCTCG CCCGTCACAA ACAGCTTCAA CAGGGGAGaG 1330 
STOP 
^I<^HT ^ 

CH AIN [ Eco RI LINKER #4=85bp 

tgtItgaIattc AGATCCGTTA acggttacca actacctaca ctggattcgt GACAACATGC i^-iO 
138617 



rcG a1:i 

1471 '2 



ggccgtgata tctacgtatg atcagcctcg a|c^tgtgcctt ctagttgcca gccatctgtt i;^00 



FIG. 2A 
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GTTTGCCCCT CCCCCGTGCC TTCCTTGACC CTGGAAGGTG CCACTCCCAC TGTCCTTTCC 1560 

BGH poly A=23lbp 

-iAr^AAATG AGGAAATTGC ATCGCATTGT CTGAGTAGGT GTCATTCTAT TCTGGGGGGT Hi.^O 

GGGGTGGGGC AGGACaGCaa GGGGGAGGAT TGGGAAGACA ATAGCAGGCA TGCTGGGGAT 1680 

I UNKER #5=15bp I 

GCGGTGGGCT CTATGGAACC AGCTGCGGCT CGACAGCrTAT GCCAAGTACG CCCCCTATTi] i740 
1702^3 1717 'a 

ACGTCAATGA CGGTAAATGG CCCGCCTGGC ATTATGCCCA CTACATGACC TTATGGGACT 1800 

TTCCTACTTG GCAGTACATC TACGTaTTAG TCATCGCTAT TACCATGGTG ATGCGGTTTT 1360 

CMV PR0N(0TER-ENHANCER=334bp 

GGCACTACAT CAATGGGCGT GGATAGCGGT TTGACTCACG GGGaTTTCCA AGTCTCCACC 1920 

CCATTGACGT CAATGGGaGT TTGTTTTGGC ACCAAAATCA ACGGGACTTT CCAAAATGTC 1980 

GTAACAACTC CGCCCCATTG ACGCAAATGG GCGGTAGGCG TGTACGGTGG GAGGTCTATA 2U40 

[LINKER #6=7b£| Sal I 

TAAGCAGAGCllGGGTACGffcCTCACATrCA GTGATCAGCA CTGAACACAG ACCCGTCGAC 2100 

I ^^^^ ^ ^^^^ ^ LEADER=51bp Mlu I 2 151 | 2 Nhe I 

FraGGTTGGA GCCTCAfCTT GCTCTTCCTT GTCGCTGTTG CTaCGCGTGT CbCTAGCACC 2»60 
' START HEAVY CHAIN ^^^"^^3114115 

aaGGGCCCAT CGGTCTTCCC CCTGGCACCC TCCTCCAAGA GCACCTCTGG GGGCACAGCC 2220 

GCCCTGGGCT GCCTGGTCAA GGACTACTTC CCCGAACCGG TGACGGTGTC GTGGAACTCA 2280 

GGCGCCCTGA CCaGCGGCGT GCACACCTTC CCGGCTGTCC TACAGTCCIC AGGACTCr.V. 2340 

HUMAN GAMMA I CONSTANT 

TCCCTCAGCA GCGTGGTGAC CGTGCCCTCC AGCAGCrrCG GCACCCAGAC CTACaTCTGC 2400 

993bp = 330 AMINO ACID k STOP CODON 

AACGTGAATC ACAAGCCCAG CAACACCAAG GTGGACAAGA AAGCAGAGCC CAAATCTTGT 2460 

GACAAAACrC ACACATGCCC ACCGTGCCCA GCACCTGAAC TCCTGGGGGG ACCGTCAGTC 2520 

TTCCTCTTCC CCCCAAAACC CAAGGACACC CTCATGATCT CCCGGACCCC TGAGGTCACA 2580 

TGCGTGGTGG TGGACGTGAG CCACGAAGAC CCTGAGGTCA AGTTCAACTG GTACGTGGAC 2640 

GGCGTGGAGG TGCATAATGC CAAGACAAAG CCGCGGGAGG AGCAGTACAA CAGCACGTAC 2700 

CGTGTGGTCA GCGTCCTCaC CGTCCTGCAC CAGGACTGGC TGAATGGCAA GGACTACAAG 2760 

TGCAAGGTCT CCAACAAAGC CCTCCCAGCC CCCATCGAGA AAACCATCTC CAAAGCCAAA 2820 

GGGCAGCCCC GAGAACCACA GGTGTACACC CTGCCCCCAT CCCGGGATGA GCTGACCAGC 2880 

AACCAGGTCA GCCTGACCTG CCTGGTCAAA GGCTTCTAtC CCAGCGACAT CGCCGTGGAC 2940 

TGGGaGAGCA aTGGGCAGCC GGaGAACAAC TACAAGACuA CGCCTCCCGT GCTGGACTCC 3000 



FIG. 2B 
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:-:ggc''::: rcTTccTcrA caccaagctc accg-gcaca agagcaggtg gcagcagggg 3060 

AACG«C:tct CATGCTCCGT GATGCATGAG GCTCTGCaCA ACCACTaCAC GCAGAAGAGC 3120 

_ STOP HEAVY CHA IN iBam HI LINKER #7^8 Ibp 

:T:rcCC:G7 CTCCGGGTAA aEGAGGATCC GTTAACGGTT ACCAACTACC TAGACTGGAT 3180 

3 1441 5 

TCGTGACAAC ATGCGGCCGT GATATCTACG TATGATCAGC CTCG(4=rGTG CCTTCTAGTT 3M0 

3225 

GCCAGCCATC TGTTGTTTGC CCCTCCCCCG TGCCTTCCTT GACCCTGGAA GGTGCCACTC 3300 

BOVINE GROWTH HORMONE POLYADENYLATION REGI0N=23lbp 
CCACrGTCCT TTCCTAATAA AATGAGGAAA TTGCATCGCA TTGTCTGAGT AGGTGTCATT 3.350 

CTATTCTGGG GGGTGGGGTG GGGCAGGACA GCAAGGGCGA GGATTGGGAA GACAATAGCA 3420 

t UNKER #8=34bp 

GGCATGCTGG GGATGCGCTG GGCTCTaTGG AACCAGCrGG GGCTCGACAG CGCTGGaTCT 3480 

3456'? 

CCCGATCCCC AGCTTTGCTT CTCAATTTCT TaTTTGCATA ATGAGAAAAA aaGGAAAaTT 3540 
3490 1 

AATTTTAACA CCAATTCAGT AGTTGATTGA GCAAATGCGT TGCCAAAAAG GATGCTTTAG 3600 

MOUSE BETA GLOBIN MAJOR PR0M0TER=366bp 
AGACAGTGT7 CTCTGCACAG ATAAGGACAA ACATTATTCA GAGGGAGTaC CCAGAGCTGA 3550 

GACTCCTAAG CCAGTGAGTG GCACAGCATT CTAGGGAGAA ATATGCTTGT CATCACCGAA 3720 

GCCTGATTCC GTAGAGCCAC ACCTTGGTAA GGGCCAATCT GCTCACACAG GATAGAGAGG 3780 

GCAGGaGCCA GGGCAGAGCA TATAAGGTGA GGTAGGATCA GTTGCTCCTC ACATTTGCTT 3840 

JUNKER #9=19bp j 5' UNTRANSLATED 0HFR=a2bp 

CTGACATAGT TGTGTTteGGA GCTTGGATAG CrTGOACAGC TCAGGGCTGC GATTTCGCGC 3300 

^^^^ ^ ^^^^^ .START DH FR 

CAAACTTGAC GGCAATCCTA GCGTGAAGGC TGGTAGGATT TTATCCCCGC TGCCATCgTO 3960 

3957^T^ 

GTTCGACCAT TGAACTGCaT CGTCGCCGTG TCCCAAAATA TGGGGATTGG CAAGAACGGA 4020 
GACCTACCCT GGCCTCCGCT CAGGAACGAG TTCAAGTACT TCCAAAGAAT GACCACAALX* 4080 

TCTTCAGTGG AAGGTAAACA GAATCTGGTG AFTATGGGTA GGAAAACCTG GTTCTCCaTT 4140 

MOUSE DHFR=564bp=L87 AMINO ACID & STOP CODON 
CCTGACAAGA ATCGACCTTT AAAGGACAGA ATTAATATAG TTCTCAGTAG AGAACTCAAA 4200 

GAACCACCAC GAGGAGCTCA TTTTCTTGCC AAAAGTTTGG ATGATGCCTT AAGACTTaTT 4260 

GAACaaCCGG aaTTGGCaaG TAAAGTaGaC ArCGTTTGGA TAGTCGGAGG CAGTTCTGrT 4320 

TaCCaGGAAG CCATGAATCA ACCAGGCCAC CTTAGACTCT TTGTGACAAG GATCATGCAG 4380 

GAATTTGAAA GTGACACGTT TTTCCCAGAA ATTGATTTGG GGAAATATAA ACTTCTCCCA 4440 

GAATACCCAG GCGTCCTCTC TGAGGTCCAG GAGGAAAAAG GCATCAAGTA TAAGTTTGAA a^OO 
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STOP DHFRj 

GTCTACGAGA AGAAAGACtTA_AfcAGGAACAT GCTTTCAAGT TCTCTGCTCC CCTCCTAAAG 4560 
45ir 2 

3' UNTRANSUTED DHFR=Q2bp (UNKER #lO=10bpj 

rCAfGCATTT TTATAAGACC ATGGGACTTT TCCTGGCrTT AGaItCAGu'T CGA|fTGT'.-( 4620 

4603^4 4613^4 

TTCTAGTTGC CAGCCATCTG TTGTTTGCCC CTCCCCCGTG CCTTCCTTGA CCCTGGAAGu 4680 

^BOVINE GROWTH HORMONE POLYADENYLATION REGI0N=23ibp 
TG-CACTCCC ACTGTCCTTT CCTAATAAAA TQAGGAAATT GCATCGCA7T GTCTGAGTAG ^740 

GTGTCATTCr ATTCTGGGGG GTGGGGTGGG GCAGGACAGC AAGGGGGAGG ATTGGGAAGA 4800 

CAATAGCAGG CATGCTGGGG ATGCGGTGGG CTCTATGGAA CCAiVcGGG^ cV^^^ 4850 

4a44~5 

TjAGCTTTGCT TCTCAATTTC TTATTTGCAT AATGAGAAAA AAAGGAAAAT TAATTTTAAC 4920 

ACCAATTCAG TAGTTGATTG AGCAAATGCG TTGCCAAAAA GGATGCTTTA GAGACAGTGT 4030 
rnT^T^o.^ r- ^OUSE BETA GLOBIN MAJOR PR0M0TER=366bp 

TCTCTGCACA GATAAGGACA AACATTATTC AGaGGGAGTA CCCAGAGCTG AGACTCCTAA 5C40 

GCCAGTGAGT GGCACAGCAT TCTAGGGAGA AATATGCTTG TCATCACCGA AGCCTGATTC 3100 

CGTAGAGCCA CACCTTGGTA AGGGCCAATC TGCTCACACA GGATAGAGaG GGCAGGAGCr. 5160 

AGGGCAGAGC ATaTAAGGTG AGGTAGGATC AGTTGCTCCT CACATTTGCT TCTGACATAG 5220 
I LINKER #l2=21bp J STAR T NEO 

^'^JiU7RP^ AGCTTGGATC GATCCTCTEOgtTGAACAA GATGGaTTGC ACGCAGGTTC 5280 
^^^^ 5248 

TCCGGCCGCT TGGGTGGAGA GGCTATTCGG CTATGACTGG GCACAACAGA CAATCGGCTG 5340 

CTCTGaTGCC GCCGTGTTCC GGCTGTCAGC GCAGGGGCGC CCGGTTCTTT TTGTCAAGAC 5^00 
rr^rrTrTrr rr rrrrr r^^^^JT^I^n^SPSPHOTRANSFERASE 

CGaCCTGTCC GGTGCCCTGA ATGAACTGCA GGACGAGGCA GCGCGGCTAT CGTGGCTGGC 5460 
^ 795bp=264 AMINO ACIDS k, STOP CODON 

CACGACGGGC GTTCCTTGCG CAGCTGTGCT CGACGTTGTC ACTGAAGCGG GAAGGGACTG 5520 

GCTGCTATTG GGCGAAGTGC CGGGGCAGGA TCTCCTGTCA TCTCACCTTG CTCCTGCCGA 5580 

GAAAGTaTCC aTCATGGCTG ATGCAATGCG GCGGCTGCAT ACGCTTGATC CGGCTACCTG 5640 

CCCATTCGAC CACCAAGCGA AACATCGCAT CGaGCGAGCA CGTACTCGGA TGGAAGCCGG 5700 

TCTTGTCGAT CAGGATGATC TGGACGAAGA GCATCAGGGG CTCGCGCCAG CCGAACTGTf 5760 

CGCCAGGCTC AAGGCGCGCA TGCCCGACGG CGAGGATCTC GTCGTGACCC ATGGCGATGC 5820 

CTGCTTGCCG AATATCATGG TGGAAAATGG CCGCTTTTCT GGATTCATCG ACTGTGGCCG 5880 

GCTGGGTGTG GCGGACCGCT ATCAGGACAT AGCGTTGGCT ACCCGTGATA TTGCTGAAGA 5940 
GCTTGGCGGC GAATGGGCTG ACCGCTTCCT CGTGCTTfAC GGTATCCCCG CTTCCCGATTC 6000 
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STOP NEOJ 

GC^GCGCATC GCCTTCTATC GCCTTCT7GA CGAGTTCTTC (rG3GCGGGAC TCTGGGGTTC 6060 

50451 4 

GA^iA^GACCG ACCAAGCGAC GCCCAACCFG CCATCACJAC AT7TCGATTC CACCGCCGCC Pt20 

3* UNTRANSUTED NE:0=173bp 
TTCTATGAAA GGTTGGGCTT CGGAATCGTT TTCCGGGACG CCGGCfGGAT GATCCTCCaG 6iS0 

CGCGGGGATC rCAfGCTCGA GTTCTTCGCC CACCCcUaCT TGTTTATTGC AGCTTATAAT 6240 

6216^7 

GGTTACAAAT AAAGCAATaG CATCACAAAT TTCaCAAATA AAGCATTTTT TTCACTGCAT 6300 

SV40 POLY A EARLY=l33bp [UNKER A(13=l9bp 

TCTaGTTGTG GTTTGTCCAA ACTCATCAAT CTATCTTATC ATGTCTGG3t CGCGGCCGCG 6360 

6349 I 50 



6368" 9 


GAGCTTGGCG 


TAATCATGGT 


CATAGCTGTT 


TCCTGTGTGA 


AA I I U 1 1 A I L 


6420 


CGCTCACAAT 


tccacacaac 


atacgagccg 


Gaagcataaa 


GTGTAAACCC 


TGGGGTGCCT 


5480 


aatgagtgag 


CTAACTCACA 


TTAATTGCGT 


TGCGCTCACT 


GCCCGCTTTC 


CAGTCGGGAA 


6340 


acctgtcgtg 


CCAGCTGCAT 


TAATGAATCG 


GCCAACGCGC 


GGGGAGAGGC 


GGTTTGCGTA 


6600 


ttgggcgctc 


TTCCGCTTCC 


PVC 19 
TCGCTCACTG ACTCGCTGCG 


CTCGGTCGTT 


CGGCTGCGGC 


€660 


gagcggtatc 


AGCTCACTCA 


AAGGCGGTaa 


TACGGTTATC 


CACAGAATCA 


GGGGATAACG 


6720 


CagGaaagaa 


CATGTGAGCA 


AAAGGCCAGC 


aaaaggccag 


GAACCGTAAA 


AAGGCCGCGT 


6780 


tgctggcgtt 


^=,^^J6792=BACTERIAL ORIGIN OF REPLICATION 
TQTCCATAGG CTCCGCCCCC CTGACGAGCA TCACAAAAAT 


CGACGCTr.A^ 


6340 


gtcagaggtg 


GCGAAACCCG 


ACAGGACTAT 


AAAGATACCA 


GGCGTTTCCC 


CCTGGAAGCT 


5900 


ccctcgtgcg 


CTCTCCTGTT 


CCGACCCTGC 


cgcttaccgg 


ATACCTGTCC 


GCCTTTCTCC 


5960 


cttcgggaag 


CGTGGCGCTT 


TCTCAATGCT 


CACGCTGTAG 


GTATCTCAGT 


TCGCTGTAGG 


7020 


tcgttcgctc 


caagctgggc 


TGTGTGCACG 


aaccccccgt 


TCAGCCCGAC 


CGCTGCGCCT 


7080 


tatccggtaa 


CTATCGTCTT 


GAGTCCAACC 


cggtaagaca 


CGACTTATCG 


CCACTGGCAG 


71 40 


CAGCCACTGG 


taacaggatt 


AGCAGAGCGA 


ggtatgtagg 


CGGTGCTACA 


GAGTTCTTGA 


7200 


agtggtggcc 


taactacggc 


TACACTAGAA 


GGACAGTATT 


TGGTATCTGC 


GCTCTGCTGA 


7260 


agccagttac 


cttcggaaaa 


AGAGTTGGTA 


gctcttgatc 


CGGCAAACAA 


ACCACCGCTG 


7320 


gtagcggtgg 


tttttttgtt 


TGCAAGCAGC 


agattacgcg 


CAGAAAAAAA 


GGATCTCAAG 


7330 


aagatccttt 


gatcttttct 


ACGGGGTCTG 


acgctcagtg 


GAACGAAAAC 


TCACCTTAAfj 


7440 


ggattttggt 


CaTGagatta 


tcaaaaaGGa 


TCTTCACCTA 


GATCCTTTTA 


AATTAAAAAT 


7500 
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GAAGTTTTAA 


atcaatctaa 


AGTATATATC 


STOP BETA 
AGTAAACTTG 


LACTAMASEL- 
GTCTGACACg" 


"r^CAATGCT 
550 


7560 




GGCACCTATC 


TCAGCGATCT 


GTCTATTTCG 


TTCATCCATA 


u 1 f uUL 1 U AC 


7620 




gtagataact 


ACGATACGGG 


AGGGCTTACC 


ATCTGGCCCC 




"7 con 


FGATACrGCG 


AGACCCACGC 


TCACCGGCTC 


CAGATTTATC 


AGCAATAAAC 




/ / 4U 


GAAGGGCCGA 


GCGCAGAAGT 


BETA LACTAMASE=86lbp 

GGTCCTGCAA CTTTATCCGt: 


CTCCATCCAG 


TCTATTAATT 


7800 


GTTGCCGGGA 


286 AMINO ACID 
AGCTAGAGTA AGTAGTTCGC 


& STOP CODON 
CAGTTAATAG TTTGCGCAAC 


GTTGTTGCC^^ 


7860 


TTGCT ACAGG 


CATCGTGGTG 


TCACGCTCGT 


CGTTTGGTAT 


GGCTTCATTC 


AGCTCCGGTT 


7920 


CCCAACGATC 


AAGGCGAGTT 


ACATGATCCC 


CCATGTTGTG 


CAAAAAAGCG 


GTTAGCTCCT 


7980 


TCGGTCCTCC 


GATCGTTGTC 


AGAAGTAACT 


TCGCCGCAGT 


GTTATCACTC 


ATGGTTATGG 


8040 


CAGCACTGCA 


TAATTCTCTT 


ACTGTCATGC 


CATCCGTAAG 


ATGCTTTTCT 


GTGACTGGTG 


8 too 


AGTACTCAAC 


CAAGTCATTC 


TGAGAATAGT 


GTATGCGGCG 


ACCGAGTTGC 


TCTTGCCCGG 


8160 


CGTCAATACG 


GGATAAIACC 


GCGCCACATA 


GCAGAACTTT 


AAAAGTGCTC 


ATCATTGGAA 


8?.20 


AACGTTCTTC 


GGGGCGAAAA 


CTCTCAAGGA 


TCTTACCGCT 


GTTGAGATCC 


AGTTCGATGT 


8280 


AACCCACTCG 


TGCACCCAAC 


TGATCTTCAG 


GATCTTTTAC 


TTTCACCAGC 


GTTTCTGGGr 


8340 


GAGCAAAAAC 


AGGAAGGCAA 


AATGCCGCAA 


AAAAGGGAAT 


AAGGGCGACA 


CGGAAATGTr 


8400 


J START BETA UCTAMASE 

gaatacttatI actcttcctt tttcaatatt 


ATTGAAGCAT 


TTATCAGGGT 


TATTGTCTC;! 


8460 


tgagcggata 


catatttgaa 


TGTATTTAGA 


AAAATAAACA 


AATAGGGGTT 


CCGCGCACAT 


8520 


TTCCCCGAAA 


AGTGCCACCT 
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LINKER #l = l5bp i 

CACGrCGCGG CCGCTTTAGG CCTCCAAAAA AGCdCCTCA CTaCTTCTGG AATAGCTCAG 60 
15 6 

aGGCCGaGGC GGCCTCGGCC TCTGCATaaa taaaaaaaat TAGTCaCCCA TGCATGGGGL 120 

SV40 0RIGIN=332bp 

GGAGAATGGG CGGAACTGGG CGGAGTTAGG GGCGGGATGG GCGGAGTTAG GGGCGGG^CV 180 
ATGGTTGCTG ACTAATTGAG ATGCATGCTT TGCATACTTC TGCCTGCTGG GGAGCCTGGG 240 
GACTTTCCAC ACdGGirGC TGACTAATTG AGATGCATGC TTTGCATACT TCTGCCTGCT 300 



jLINKER #2=13bp| 
^OAfi' 



GGGGaGCCTG GGGACTTTCC ACACCCTAAC TGACACACAT TCCACAGIaaT TAATTCCCCT 360 

347 = 8 ' 

AGTTArTAAT AGTAATCAAT TACGGGGTCA TTAGTTCATA GCCCATATAT GGAGTTCCGC .120 

GTTaCATAAC TTACGGTaaa TGGCCCGCCT GGCTGACCGC CCAACGACCC CCGCCCATTG 480 

ACGTCaaTaa TGaCGTATGT TCCCATaGTA ACGCCAATAG GGACTTTCCA TTGACGTCAA 540 

CVM PR0M0TER-ENHANCER=567bp 

TGGGTGGACr ATTTACGGTA AACTGCCCAC TTGGCAGTAC ATCAAGTGTA TCATATGCCA 600 

AGTACGCCCC CTATTGACGT CAATGACGGT AAATGGCCCG CCTGGCATTA TGCCCAGTAC 660 

ATGACCTTAT GGGACTTTCC TACTTGGCAG TACATCTACG TATTAGTCAT CGCTATTACC 720 

ATGGTGATGC GGTTTTGGCA GTACATCAAT GGGCGTGGAT AGCGGTTTGA CTCACGGGGA 780 

tttccaagtc TCCACCCCAT TGACGTCAAT GGGAGTTTCT TTTGGCACCA AAATCAACGG S-iO 

GACTTTCCAA AATGTCGTAA CAACTCCGCC CCATTGACGC AAATGGGCGG TaGGCGTGTa 900 

lUNKER #3=7b£j 

CGGTGGGAGG TCTATATAAG CAGAGCTIGGG TACGffGAACC GTCAGATCGC CTGGAGACGC 950 

927 ' 6 934^ 5 

Bgl 2 J START UGHT CHAIN NATURAL LEADER=66bp 

CATCACAGAT CTCTCACT IaTGI CATTTTCAG GTGCACATTA TCAGCTTCCT GCTAATCAGT 1020 
97819 I 

GCTTCaGTCA TAATGTCCAG AQGAC^ATT GTTCTCTCCC AGTCTCCAGC AATCCTGTCT 1030 

GCATCTCCaG GGGAGAAGGT CACAATGaCT TGCAGGGCCA GCTGAAGTGT AAGTTACATC M40 

CACTGGTTCC AGCAGAAGCC AGGATCCTCC CCCAAACCCT GGATTTATGC CACATCCAA.: ^200 

LIGHT CHAIN VARIABLE REGION 3l8bp 106 AMINO ACID 

CTGGCTTCTG GAGTCCCTGT TCGCTTCAGT GGCAGTGGGT CTGGGACTTC TTACTCTcrr 1260 

ACCA'CAGCA GAGTGGAGGC TGAAGATGCT GCCACTTATT ACTGCCAGCA GTGGACTAGI 1320 

iBsiWI 

AACCCACCCA CGTTCGGAGG GGGGACCAAG CTGGAAATCA AACGTaCGGT GGCTCCACCA 1380 

1362^3 

TCTGTCTTCA TCTTCCCGCC ATCTGATGaG CAGTTGAAAT CTGGAAC :GC CTCTGTTGTG 1440 

TGCCTGCTGA ATAACTTCTA TCCCACAGAG GCCAAAGTAC AGTGGAAGGT GGATAACGCC 1500 

FIG. 3A 
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HUMAN KAPPA C0NSTANT=324bp= 107 AMINO ACID Sc STOP CODON 

CTCCAATCGG GTAACTCCCA GGAGAGrCTC ACAGAGCAGG ACAGCAAGGA CAGCACCTaC 1560 

AGCCTCAGCA GCACCCTGAC GCTGAGCaaa GCAGACTACG AGAAACACAA AGTCTaCGCC H^20 

TGCGAAGTCA CCCATCAGGG CCTCAGCTCG CCCGTCACAA AGAGCrTC.^r\ CAGGGGaGaG \r>e,0 
STOP 
LIGHT 



CHAIN, 



Eco_RI LINKER #4=8lbp 



TGTgGAATTC AGATCCGTTA ACGGTTACCA ACTaCCTAGA CTGGATTCGT GACAACATCC 1740 
1646 '7 

GGCCGTGATA TCTACCTATG ATCAGCCTCG ApTGTGCCTT CTAGTTGCCA GCCATCTGTT ^SOO 

177112 

GTTTGCCCCT CCCCCGTGCC TTCCTTGACC CTGGAAGGTG CCACTCCCAC rGTCCTTTCr: 1860 

TaaTAAAATG AGGAAATTCC ATCGCATTGT CTGAGTACGT GTCATTCTAT TCTGGGGGGT 1920 

BOVINE GROWTH HORMONE POLYADENYLATION REGI0N=231bp 
GGGGTGGGGC AGGACAGCAA GGGGGAGGAT TGGGAAGACA ATAGCAGGCA TGCTGGGGAT 1980 

J UNKER #5=15bp I 

GCGGTGGGCT CTATGGAACC AGjCTGGGGCT CGACAGCfTAT GCCAAGTACG CCCCCTATTG 2040 

2002 3 20X7 8 

ACGTCAATGA CGGTAAATGG CCCGCCTGGC ATTATGCCCA GTACATGACC TTATGGGACT 2100 

TTCCfACTTG GCAGTACATC TACGTATTAG TCATCGCTAT TACCATGGTG ATGCGGTTTT 2160 

CMV PR0MOTER-ENHANCER=334bp 
GGCAGTACAT CAArGGGCGT GCATAGCGGT TTGACTCACG GGGATTTCCA AGTCTCCACC 2220 

CCaTTGACGT CAAfGGGAGT TTGTTTTGGC ACCAAAATCA ACGGGACTTT CCAAAATGTC 2280 

GTaaCAACTC CGCCCCAriG ACGCAAATGG GCGGTAGGCG TGTACGGTGG GAGGTCTAT:, 2i40 

! LINKER #6=7bp, S^l , 

rAAGCAGAGOCGGTA^^^ GTGATCAGCA CTGAACACAG ACCCGTCGa:: 2400 

START 2351 2 2356 ' 9 

lJ^X CHAIN SYN^^^ LEADER Mlu I 2457! 8 

jGTTGGA GCCrCATCTT GCTCTTCCTT GTCGCTGTTG CT^C5£GJG1_£CT5T^^ 2460 
1 -5 -4 -3 -2 "^^^V+i 

GTACAACTGC AGCAGCCTGG GGCTGAGCTG GTGAAGCCTG GGGCCTCAGT GAAGATGTCC 2520 

TGCAAGGCTT CTGGCTACAC ATTTACCAGT TACAATATGC ACTGGGTAAA ACAGACACCT 2580 
^^^^^^^^^^ ^ ^"A'N VARrABLE=363bp=121 AMINO ACID 

GGTCGGGGCC TGGAATGGAT TGGAGCTATT TATCCCGGAA ATGGTGATAC TTCCTACAAT 2640 

CAGAAGTTCA AAGGCAAGGC CACATTGACT GCAGACAAAT CCTCCAGCAC AGCCTACATG 2700 

CAGCTCAGCA GCCTGACATC TGaGGACTCT GCGGTCTATT ACTGTGCAAG ATCGACTTAC 2750 

TACGGCGGTG ACTGGTACTT CAATGTCTGG GGCGCAGGGA CCACGGTCAC CGTCTCTGCaJ 2620 

GCTAGCACCA AGGGCCCATC GGTCTTCCCC CTGGCACCCT CCTCCAAGAG CACCTCTGGG 2880 

GGCaCaGCGG CCCTGGGCTG CCTGGTCAAG GACTACTTCC CCGAACCGuT GaCGGTGiCC". 2940 

^MMA I C0NSTANT=99 
GGCGTG CACACCTTCC < 

FIG. 3B 



^0 



HUMAN GAMMA I C0NSTANT=993bp 
TGGaaCTCAG GCGCCCTGAC CAGCGGCGrG CACACCTTCC CGGCTCTCCT ACAGTCCTCA 5000 
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^^^^^ ^^330 AMINO ACID Sc STOP CODON 
G'uAcTCTACT CCCrCAGCAG CGrCGTGACC GfGCCCTCCA GCAGCTTGGG CACCCACACC 3060 

r^CArcTGCA acgtgaatca CaagcCCaGC aacaccaago rGGACAAf.AA agcagagcc: 5i2C 

AAATCTTGTG ACaaaaCTCA CACaTGCCCA CCGTGCCCAG CACCTGAACT CCTGGGGGGA 3:S0 

CCGTCAGTCT TCCTCTTCCC CCCAAAACCC AAGGACACCC TCATGATCTC CCGGACCCCT 3240 

GAGGTCACAT GCGTGGTGGT GGACGTGAGC CACGAAGACC CTGAGGTCAA GTTCAACTGG 3300 

TACGTGGACG GCGTGGAGGT GCATAATGCC AAGACAAAGC CGCGGGAGGA GCAGTACAAC 3,360 

AGCaCGTACC GTGTGGTCAG CGTCCTCACC GTCCTGCACC AGCACTGGCT GAATGGCAAG 3420 

GaGTACAAGT GCAAGGTCTC CAACAAACCC CTCCCAGCCC CCATCGAGAA AACCATCTCC 3480 

aaaGCCAAAG GGCAGCCCCG AGAACCACAG GTGTACACCC rCCCCCCATC CCGGGATGAG 3540 

CTGACCAAGA ACCAGGTCAG CCTGACCTGC CTGGTCAAAG GCTTCTaTCC CAGCGACATC 3600 

GCCGTGGAGT GGGAGAGCAA TGGGCAGCCG GAGAACAACT ACAAGACCAC GCCTCCCGTG 3660 

CTGGACTCCG ACGGCTCCTT CTTCCTCTAC AGCAAGCTCA CCGTGGACAA GAGCAGGTGG 3720 

cagcagggga acgtcttctc atgctccgtg atgcatgagg CTCTGCACAA CCACTACACG 3/SO 

STOP HEAVY CH AIN iRam H I UNKER tf7=8lbD 

CAGAAGAGCC TCTCCCTGTC TCCGGGTAAA (TG^GATCCG TTAACGGTfA CCAACTACrr 

3813 '4 

AGACTGGATT CGTGACAACA TGCGGCCGTG ATATCTACGT ATGATCAGCC TCGaIcTGTGC 3-)00 

3894^5 

CTTCTAGTTG CCAGCCATCT GTTGTTTGCC CCTCCCCCGT GCCTTCCTTG ACCCTGGAAG 3960 
GTGCCACTCC CACTGTCCTT TCCTAATAAA ATGAGGAAAT TGCATCGCAT TGTCTGaGTA 4020 

rr-rr-^n BOVINE GROWTH HORMONE POLYADENYUTION REGI0N=231bp 

GGTGTCATTC TATTCTGGCG GGTGGGGTGG GGCAGGACAG CAAGGGGGAG GATTGGGAAG 4080 

ACAATAGCAG GCATGCTGGG GATGCGGTGG GCTCTATGGA ACCAcbTCGG^GcfcGACA^C 4140 

4125~6 

GCTGGATCTC CCGATCCCc|^ GCTTTGCTTC TCAATTTCTT ATTTGCATAA TGACAAAAAA 4200 
AGGAAAATTA ATTTTAACAC CAATTCAGTA GTTGATTGAG CAAATGCGTT GCCAAAAACG 4260 
.T^^Txx.^. ^ i^^ii?.?. BETA GLOBIN MAJOR PR0MOTER=366bp 

ATGCTTTAGA GACAGTGGTC TCTGCACAGA TAAGGACAAA CATTATTCAG AGGGAGTACC 4320 
CAGAGCTGaG ACTCCTAAGC CAGTGAGTGG CACAGCATTC TACGGAGAAA TATGCTTGTC 4380 
aTCACCGAAG CCTGATTCCG TAGAGCCACA CCTTGGTAAC GGCCAATCTG CTCACACAGG 4440 
aTaGAGAGGG CAGGAGCCAG GGCAGAGCAT ATAAGGTGAG CTaGGATCAG TTGCTCCTCa 4500 



FIG. 3C 
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^.,^.r-rrn rr- ^ I ^'N^ ER #9=19bP [. S" UNTRAN SLATED DHFR=a2bp 

C^,T;Gi.TTC TGACATAGfT GnTTfjCGGAG CTTGGATA^rTTnqACAGC T CACGGCTGCG ^560 

4525 6 4544 5 

ATTTCGCGCC AAACTTGACG GCAATCCTAG CGTGaaGGC^ GCTAGGATTT TaTCCCCGCT .;f.20 
iSTART DHFR 



^^^^'JP^^ TTCGaCCaTT GAACTQCATC GTCCCCGrGT CCCAAAATAT GGGGATTtiGC *i€80 
4626 7 

AAGAACGGAG ACCTACCCTG GCCTCCGCTC AGGAACGAGT TCAAGTACTT CCAAAGAATG 4740 

ACCACAACCr CTTCAGTGGA AGGTAAACAG AATCTGGTGA TTATGGGTAG GAAAACCTGG 4800 

DHFR=564bp=187 AMINO ACID ic STOP CODON 
TTCTCCATTC CTGAGAACAA TCGACCTTTA AACGACAGAA TTAATATAGT TCTCAGTaGA 4860 

GAACrCAAAG AACCACCACG AGGAGdCAT TTTCTiGCCA AAAGTTTGGA TGATGCCTTA 4920 

AGACTTATTG AACAACCGGA ATTGGCAACT AAAGTaGACA TGGTirGGAT AGTCGGaGGC 4J30 

AGTTCTGTTT ACCAGGAAGC CATGAATCAA CCAGGCCACC TTAGACTCTT TGTGACAAGG 5040 

ATCATGCAGG AATTTGAAAG TGACACGTTT TTCCCAGAAA TTGATTTGGG GAAATATAAA 5100 

CTTCrcCCAG AA7ACCCAGG CGTCCTCTCT GAGGTCCAGG AGGAAAAAGG CATCAAGTAT 5150 

STOP DHEEj 3* UNTRANSLATED DHFR=82bp 
AAGTTTGAAG TC i ACGAGAA GAAAGACITAaI CAGGAAHATH CTTTCAAGTT CTCTGCTC^C 5220 

5140^1 

t LIN KER 1^10 

CTCCTAAAGC TATCCATTTT TATAAGACCA TGGGACTTTT GCTGGCTTTA G^CaGCCT'^ 5280 

=l0bpj 5272^3 

GApTGTGCCT TCTAGTTGCC AGCCATCTGT TGTTTGCCCC TCCCCCGTGC CTTCCTTGAC 5540 

BOVINE GROWTH HORMONE P0LYADENy^UTf0N=231bp 
CCTGGAAGGT GCCACTCCCA CTGTCCTTTC CTAATAAAAT GAGGAAATTG CATCGCaTTG 5400 

TCTGAGTAGG TGTCATTCTA TTCTGGGGGG TGGGGTGGGG CAGGACAGCA AGGGGGAGGA 5460 

I LINKER #11 

TTGGGAAGAC AATAGCAGGC ATGCTGGGGA TGCGGTGGGC TCTATGGAAC CaQCTGGGGC 5520 

=17bp , 5513^4 
TCGAGCTA^C^T [aGCTTTGCTT CTCAATTTCT TATTTGCATA ATGAGAAAAA AAGGAAAATT 5580 

AATTTTaACA CCAATTCAGT AGTTCATTGA GCAAATGCGT TGCCAAAAAG GATGCTTTAG 5640 

MOUSE BETA GLOBIN MAJOR PROM0TER=366bp 
AGACAGTGTT CTCTGCACAG ATAAGGACAA CTAGGGAGAA ATATGCTTGT CATCACCGAA 5700 

GaCTCCTAAG CCAGTGaGTG GCACAGCATT CTAGGGAGAA AfATGCTTGT CATCACCGAA 5760 

GCCTGaTTCC GTAGAGCCaC aCCTTGGTAA GGGCCAATCT GCTCACACAG GATaGAGaG.: 5820 

GCAGGAGCCA GGGCAGAGCA TATAAGGTGA GGTAGGATCA GTTGCTCCTC ACATTTGCTT 5880 

J LINKER jSfl2=2lbp uSlART NEC 
CTQACATACT TGJGTTtGGA GCTTGGATCG ATCCTCT^ra GTTGAACAAG ATGGATTGCA 5940 
3896 '7 5917 'T'^ 

CGC-^GGTTCr CCGGCCGCTT GGGTGGaCAG CCTATTCGGC TaTGactGGG CACaaCAGAC 6000 



FIG. 3D 
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AATCGGCTGC TCTGATGCCG CCGTGTTCCG GCTGTCAGCC CAGGGGCGCC CGGTTCTTTT Su60 

^NEOMYCIN PH0SPH0TRANSFERASE=795bP=264 AMINO ACID i: STOP CODON 

TGTCAAGACC GACCrCTCCG GTGCCCTGAA TGAACTGCaG GAC&CAG CG^^ 6120 

GTGGCTGGCC ACGACGGCCG TTCCTTGCGC AGCTGTGCTC GACGTTGTC.^ CTGAAGCGC'.i 6180 

AAGGGACTGG CTGCTATTGG GCGAAGrGCC GGGGCAGGAT CTCCTGTCAT CTCaCCTTGC 6240 

rCCTGCCGAG AAAGTATCCA TCATGGCTGA TGCAATGCGG CGGCTGCATA CGCTTGaTCC 6300 

GGC7ACCTGC CCATTCGACC ACCAAGCGAA ACATCGCATC GAGCGAGCAC GTACrCGGAT 6360 

GGAAGCCGGT CTTGTCGATC AGGATGATCT GGACGAAGAG CATCAGGGGC TCGCGCCAGC 5420 

CGAACTGTTC GCCaGGCTCA AGGCGCGCAT GCCCGACGGC GAGGATCTCG TCGTGaCCCA 6480 

TGGCGATGCC TGCTTGCCGA ATATCATGGT GGAAAATGGC CGCTTTTCTG GATTCATCGA 6540 

CTGTGGCCGG CTGGGTGTGG CGGaCCGCTA TCAGGACATA GCGTTGGCTA CCCGTGATAT 6600 

TGCTGAAGAG CTTGGCGGCG AATGGGCTGA CCGCTTCCTC GTGCTTTACG GTATCGCCGC 6560 

STOP NEOI 

rCCCGATTCG CAGCGCATCG CCTTCTATCG CCTTCTTGAC GAGTTCTTcCM3CGGG^CT 6720 

67lF3 

CTGGGGTTCG AAATGACCGA CCAAGCGACG CCCAACCTGC CATCACGAGA TTTCGATTCC 6780 

3* UNTRANSLATED NE0=J73bp 

ACCGCCGCCT TCTaTGAAAG GTTGGGCTTC GGAATCGTTT rcCGGGACGC CGGCrGGATG 6840 

ATCCTCCAGC GCGGGGATCT CATGCTGGAG TTCTTCGCCC ACCCcIaaCTT GTT7ATTGCA 6900 

6885"6 

GCTTATAATG GTTACAAATA AAGCAATAGC ATCACAAATT TCACAAATAA AGCATTTTTT 6^50 

SV40 EARLY POLYADENYUTION REGION=:l33bp i 

TCACTGCaTT CTAGTTGTGG TTTGTCCAAA CTCATCAATC TaTCTTATCA TGTCTGGA^TC 7020 

LINKER #13=I9bp r 7018 9 

GCGGCCGCGA TCCCGTCpAG AGCTTGGCGT AATCATGGTC ATaGCTGTTT CCTGTGTCAA 7080 
7037 "a 

PUC 19 

ATTGTTATCC GCTCACAATT CCACACAACA TaCGAGCCGG AAGCATAAAG TGTAAAGCCT 7140 

ggggtgccta atgagtgagc taactcacat taattgcgtt gcgctcactg cccgctttc: :'200 

AGTCGGGAAA CCTGTCGTGC CAGCTGCATT AATGAATCGG CCAACGCGCG GGGAGAGCC- 7260 

GTTTGCGTaT TGGGCGCTCT TCCGCTTCCT CGCTCACTGA CTCGCTGCGC TCGGTCGTT.: 7320 

GGCTGCGGCG AGCGGTATCA GCTCACTCAA AGGCGGTAAT ACGGTTATCC ACAGAATCAG 7380 

GGGATAACGC AGGAAAGAAC ATGTGAGCAA AAGGCCAGCA AAAGGCCAGG AACCGTAAAA 7440 

7461=BACTERIAL ORIGIN OF REPUCATION 

AGGCCGCGTT GCTGGCGTTT 0TCCATAGGC TCCGCCCCCC TGACGAGCAT CACAaaaaTC 7S0O 
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GACGCrCAAG TCACAGGTGG CGAAACCCGA CaGGACTATA AAGATaCLAG GCGTTrcCCC 7560 
CTGGAAGCTC CCTCGTGCGC TCTCCTGTTC CGaCCCTGCC CCTTaCCGGa TaCCTGTCCG 71=20 
CCTrrCTCCC TTCGGGAAGC GTGGCGCTTT CTCAATCCTC ACGCTGTACn TATCrCAGfT 7'5?;o 
CGGIGTAGGr CGTTCGCTCC AAGCTGGGCT GTGTGCACGA ACCCCCCGTT CaGCCCGACC 7740 
GCTGCGCCrr ATCCGGTAAC TATCGTCTTG AGTCCAACCC GGTAAGACAC GACTTaTCGC 7800 
CACTGGCAGC AGCCACTGGT AACAGGATTA GCAGAGCGAG GTATGTAGGC GGTGCTACaG 7860 
AGTTCTTGAA GTGGTGGCCT AACrACGGCT ACACTAGAAG GACAGTATTT GGTATCTCCt.; 7920 
CTCTGCTGAA GCCAGTTACC TTCGGAAAAA GAGTTGGTAG CTCTTGATCC GGCAAACAAA 7980 
CCACCGCTGG TAGCGGTGGT TTTTTTGTTT GCaaGCACCA GATTACGCGC AGaaAAAAAG 8040 
GATCrCAAGA AGATCCTTTG ATCTTTTCTA CGGGGTCTGA CGCTCACTGG AACGAAAACT 8100 
CACGTTAAGG GATTTIGGTC AfGAGATTAT CAAAAAGGAT CTTCACCTAG ATCCTTTTAA 8160 

ATTAAAAATG AAGriTTAAA TCAATCTAAA GTATATATGA GTAAACTTGG TCTGACAGtr 8220 
BETA LACTAMASE I 

^CCAATGCTT AATCAGTGAG GCACCTATCT CAGCGATCTG TClATirCGT TCATCCATAG 8250 
TTGCCTGACT CCCCGTCGTG TaGATAACTA CGATACGGGA GGGCTTACCA TCTGGCCCCA €340 
GTGCTGCAAT GATACCGCGA GACCCACGCT CACCGGCTCC AGATTTATCA GCAAiAAACC S400 

^^.J?.^'^^ LACTAMASE=861bp=286 AMINO ACID U STOP CODON 

AGCv-AGCCGG AAGGGCCGAG CGCAGAAGrG GTCCTGCAAC TTTaTCCGCC TCCaTCCAGV 8460 

CTAT7AATTG TTGCCGGGAA GCTAGAGTAA GTAGTTCGCC AGTTAATACr TTGCGCAACG 8520 
TTGTTGCCAT TGCTACAGGC ATCGTGGTGT CACGCTCGTC GTTTGGTATG GCTTCATTCA 8550 
GCTCCGGTTC CCAACGATCA AGGCGAGTTA CATGATCCCC CATGTTGTGC AAAAAAGCGG 8640 
TTAGCTCCTT CGGTCCTCCG ATCGTTGTCA GAAGTAAGTT GGCCGCAGTG TTATCACTCA 8700 
TGGTTATGGC AGCACTGCAT AATTCTCTTA CTGTCATGCC ATCCGTAAGA TGCrrTTCTG 8760 
TGACTGGTGA CTACTCAACC AAGTCATTCT GAGAATAGTG TATGCGGCGA CCGAGTTCCT 8S20 
CTTGCCCGGC GTCAATACGG GATAATACCG CGCCACATAG CAGAACTTTA AAAGTGCTCA 8880 
TCATTGGAAA ACGTTCTTCG GGGCGAAAAC TCTCAAGGAT CTTACCGCTG TTGaGATCCA 8940 
GGTCGATGTA ACCCACTCGT GCACCCAACT GATCTTCAGC ATCTTTTACT TTCACCAGCG 9000 
TTTCTGGGTG AGCAAAAACA GGAAGGCAAA ATGCCGCAAA AAAGGGAATA AGGGCGACAf: 9060 

j START seta Lactamase 

GGAAATGTTG AATACTgAjA CTCfTCCTTT TTCAATATTA TTGAAGCATT TATCAGGGTr 9120 
ATTGTCTCAT GAGCGGATAC ATaTTTGAAT GTATTTAGAA AAATAAACAA ATAGGGGTTC 9180 
CGCGCACATT TCCCCGAAAA GTGCCACCT 

FIG. 3F 
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LEADER 

'^^ -15 -10 

^RAMC I Met Asp Phe Gin Val Gin He He Scr Phe Leu Leu He Ser Ma S^r- v/o. 

ATG GAT TIT CAG GTG CAG ATT ATC AGC TTC CTG CIA ATC AG^ GO" TCA 'TQ 
996 1005 1014 1023 



-5 -1 

He Met Ser Arg Gly 

ATA ATG TCC AGA GGA 
1038 



10 



+1 FRl 

Gin He Val Leu Ser Gin Ser Pro Ala He Leu Ser Ser 

CAA ATT GTT CTC TCC CAG TCT CCA GCA ATC CTG TCT Gi'A TCT 

iO'*^ 1056 1065 1074 . io-r: 



2^ 23 

Pro Giy Gtu Lys Vol TKr Met Thr Cys 

CCA GGG GAG AAG GTC ACA ATG ACT TGC 

1095 1104 



24 CDRI 27/ 29 30 

Arg Ala Ser Ser Ser Val Ser 



3^1 

His 



AGG GCC AGC TCA AGT GTA AGT TAG ATC CAC 



35 



FF2 



40 



57 
Gly 



1152 

55 56 
Leu AIq Ser 
CTG GCT TCT 
1209 

75 

Leu Thr He Ser Arg Val 



1161 



1218 



1266 



1275 







1113 




1122 




1131 






1140 




Gly 








45 




49 


50 




CDR2 




Ser 


Ser 


Pro 


Lys Pro Trp 


He 


1 yr 


Ala 


Thr 


Ser 


^ sn 


GGA 


TCC 


TCC 


CCC 


AAA CCC TGG 


ATT 


TAT 


GCC 


ACA 


TCC 


AAC 






1170 




:i79 




1188 






1197 




60 




FP3 


65 








70 






Val 


Arg 


Phe 


Ser 


Gly Ser Gly 


Ser 


Gly 


Thr 


Ser 


Tyr 


St?" 


GTT 


CGC 


TTC 


AGT 


GGC AGT GGG 


TCT 


GGG 


ACT 


TCT 


TAC 








1227 




1236 




1245 






125- 




Glu 


80 






85 






88 


8Q 






Ala 


Glu 


Asp 


Ala Ala Thr 


Tyr 


Tyr 


Cys 


Gin 




Tro 


GAG 


GCT 


GAA 


GAT 


GCT GCC ACT 


TAT 


TAC 


TGC 


CAG 


CAG 


TGG 




1284 




1293 




1302 






1511 





CDR3 95 97 
Thr Ser Asn Pro Pro Thr 
ACT AGT AAC CCA CCC ACG 
1323 1332 



98 100 FR4 105 I07 

Phe Gly Gly Gly Thr Lys Leu Glu He Lys 

TTC GGA GGG GGG ACC AAG CTG GAA ATC AAA 
1341 1350 1359 



FIG. 4 



■ 



U.S. Patent 



Jul. 7, 1998 



Sheet 15 of 21 



5,776,456 



LCAOER 

-19 -15 -10 .5 

frame: 1 Met Gly rrp Ser Leu He Leu Leu Phe Leu Vai Ala Val Aio Thr Aro Vai 

ATG CGT TGG AGC CTC ATC TTG CTC TTC CTT GTC GCT GTT GCT ACC CGT GTC 
2409 2418 2487 2436 2445 



-1 *l FRl 10 

Leu Ser Gin Vol Gin Leu Gift Gin Pro Gly Ala Glu 

CTG TCC CAG CTA CAA CTG CAG CAG CCT GGG GCT GAG 

2460 2469 2478 2487 

20 25 

Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe 

GTG AAG ATG TCC TGC AAG GCT TCT GGC TAG ACA TTT 

2517 2526 2536 2544 

40 FR2 45 

Vol Lys Gtn Thr Pro Gly Arg Gly Leu Glu Trp He 

GTA AAA CAG ACA CCT GGT CGG GGC CTG GAA TGG ATT 

2574 2583 2592 2-:,01 



15 

Leu Val Lys Ala Gly Ata Z^r 
CTG GTG AAG CCT GGG GCC TCA 
2496 2505 



55 CDR2 60 65 

Gly Asp Thr Ser Tyr Asn Gin Lys Phe Lys Gly 
GGT GAT ACT TCC TAC AAT CAG AAG TTC AAA GGC 
2631 2640 2649 

80 82 82A 82B 82C 

Ser Ser Ser Thr Alo Tyr Met Gin Lcu Ser Ser Leu 
TCC TCC AGC ACA GCC TAC ATG CAG CTC AGC AGC CTG 
2688 2697 2706 2715 



90 94 

Tyr Tyr Cys Alo Arg 

TAT TAC TGT GCA AGA 
2745 



95 CDR3 100 lOOA 

Ser Thr Tyr Tyr Gly Gly Asp 
TCG ACT TAC TAC GCC GGT GmC 



2754 



2763 



30 31 CDRI 35 "36 

Thr Ser Tyr Asn Met His jTrp 
ACC AGT TAC AAT ATG CAC ItGG 
2553 2562 I 

49 50 52 52A 53 54 

Gly Ala Ue Tyr Pro Gly Asn 

GGA GCT ATT TAT CCC uGA AAT 
2610 2619 

66 FR3 70 

Lys Ato Thr Leu Thr Alo Asp Lys 

AAG GCC ACA TTG ACT GCA GAC AAA 
2658 2667 2676 

83 85 

Thr Ser Glu Asp Ser Ala \'al 

ACA TCT GAG GAC TCT GCG GTC 
2724 2733 

lOOB lOOC lOOD 101 102 103 
Trp Tyr Phe Asn Vat Tro Gly 
TGG TAC TTC AAT GTcl TGG GGC 
2772 2781 ?"*9C 



105 FR4 110 133 

Ala Gly Thr Thr Val Thr Vol Ser Ala 

GCA GGG ACC ACG GTC ACC GTC TCT GCA 
2802 28U 2820 
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THERAPEUTIC APPLICATION OF 
CHIMERIC AND RADIOLABELED 
ANTIBODIES TO HUMAN B LYMPHOCYTE 
RESTRICTED DIFFERENTIATION ANTIGEN 
FOR TREATMENT OF B CELL LYMPHOMA 5 

This application is a divisional of application Ser. No. 
08/149,099, filed Nov. 3. 1993, which is a continuation in 
part of U.S. plication Scr. No. 07/978,89K filed Nov. 13. 
1992, now abandoned. lO 

RELATED APPUCAXIONS 

This patent document is related to United States Serial 
No. 07/977,691, entitled "IMPAIRED DOMINANT 
SELECTABLE MARKER SEQUENCE FOR ENHANCE- 
MENT OF EXPRESSION OF CO-LINKED GENE PROD- 
UCT AND EXPRESSION VECTOR SYSTEMS COM- 
PRISING SAME" having U.S. Ser. No. 07/977,691 (now 
abandoned; filed Nov. 13, 1992) and "IMPAIRED DOMI- 
NANT SELECTABLE MARKER SEQUENCE AND ^ 
INTRONIC INSERnON STRATEGIES FOR ENHANCE- 
MENT OF EXPRESSION OF GENE PRODUCT AND 
EXPRESSION VECTOR SYSTEMS COMPRISING 
SAME." U.S. Ser. No. 08/147.696 (filed simultaneously 
herewith) now U.S. Pat. No. 5,648,267. The related patent " 
documents are incoiporated herein by reference. 
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The references to be discussed throughout this document 
are s^ forth merely for the information described therein 
^ prior to the filing dates of this document, and nothing herein 
is to be construed as an admission, either express or implied, 
that the references are *^or ait** or that the inventors are not 
entitled to antedate such descriptions by virtue of prior 
inventions or priority based on earlier filed ^>plications. 

TTie present invention is directed to the treatment of B cell 
lymphoma using chimeric and radiolabeled antibodies to the 
B cell surface antigen Bp35 (XD20'*). 



40 



B. BACKGROUND OF THE INVENTION 



The immune system of vertebrates (for example, 
primates, which include humans, apes, monkeys, etc.) con- 
sists of a number of organs and cell types which have 
evolved to: accurately and ^>ecifically recognize foreign 

45 microorganisms ("antigen") which invade the vertebrate- 
host; specifically bind to such foreign microoiganisms; and, 
eliminate/destroy such foreign microorganisms. 
Lynq>hocytes. amongst others, are critical to the immune 
system. Lymphocytes are produced in the thymus, spleen 

50 and bone marrow (adult) and represent about 30% of the 
total white blood cells present in the circulatory system of 
humans (adult). There are two major sub-populations of 
lymphocytes: T cells and B cells. T cells are responsible for 
cell mediated immunity, while B cells are responsible for 

55 antibody production (humoral immunity). However. T cells 
and B cells can be considered as interdq>endent — in a 
typical immune response. T cells are activated when the T 
cell receptor binds to fragments of an antigen that are bound 
to major histocompatability complex (*'MHC*) glycofH-o- 

^ teins on the surface of an antigen presenting cell; such 
activation causes release of biological mediators 
("interleukins'*) which, in essence, stimulate B cells to 
difTerentiate and produce antibody ("immunoglobulins^) 
against the antigen. 

65 Each B cell within the host expresses a different antibody 
on its surface — thus, one B cell will express antibody 
specific for one antigen, while another B cell will express 
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antibody specific for a different antigen. Accordingly, B cells ionizing radiation of radiolabeled antibodies may kill cells 

are quite diverse, and this diversit>' is critical to the immune witfi or wittiout the target antigen (eg, CD20) in close 

system. In humans, each B ceU can j^oduce an enormous proximity to antibody bound to the antigen; penetrating 

number of antibody molecules (ie. about 10^ to 10^). Such radiation may obviate the problem of limited access to die 

antibody j^oduction most typicaUy ceases (or substantially 5 antibody in bulky or poorly vascularized tumors; and, the 

decreases) when the foreign antigen has been neutralized. total amount of antibody required may be reduced. The 

Occasionally, however, proliferation of a particular B ceil radionuclide emits radioactive particles which can damage 

will continue unabated; sudx proliferation can result in a cellular DNA to tiie point where the cellular repair mecha- 

cancer referred to as **B cell lymphoma." nisms arc unable to allow the cell to continue living; 

T cells and B cells both conq)rise ceU surface proteins 10 therefOTe, if the target cells are tumors, the radioactive label 

which can be utilized as "markers" fw differentiation and beneficially kills toe tumor cells. Radiolabeled antibodies, 

identification. One such human B ccU marker is the human by definition, include the use of a radioactive substance 

B lymphocyte-restricted differentiation antigen Bp35, whidi may require ttie need for i^cauUons for both the 

refeired to as "Cl>20." CD20 is e:q»ressed during early pre-B patient (ic, possible bone manow transplantauon) as weU as 

cell development and remains until plasma ceU differentia- 15 the health care provider (ie. the need to exercise a high 

tion. Specifically, the CD20 molecule may regulate a step in degree of caution when working with the radioactivity), 

the activation process whidi is required for cell cycle TherefOTe, an ^proach at improving the ability of murine 

initiation and differentiation and is usually expressed at very monoclonal antibodies to be effective in the treatment of 

high levels on neoplastic ("tumor") B ceUs. CD20, by B-cell disorders has been to conjugate a radioactive label or 

definition, is present on both **normal" B ceUs as weU as 20 ^oxin to tiic antibody such that the label or toxin is locaHzcd 

^'malignant" B cells, ie, those B cells whose unabated at the tumor site. For exanqjle, the above-referenced 1F5 

proliferation can lead to B cell lyn^homa. Thus, tiie CD20 antibody has been "labeled" with iodinc-131 ("13ir) and 

surface antigen has the potential of serving as a candidate for was reportedly evaluated for biodistribution in two patients. 

**targeting" of B ceU lyn^omas. See Eary, J. F. et al., ^Imaging and Treatment of B-Cell 

In essence, such targeting can be generalized as foUows: 25 Lymphoma" J. Nuc. Med. 3178:1257-1268 (1990); see also, 

antibodies specific to the CD20 surface antigen of B cells Press, O. W. et aL, -Tlreatment of Refractory Non-Hodgkin's 

are, eg, injected into a patient. These anti-CD20 antibodies Lyn^homa widi Radiolabeled MB-1 (Anti-CD37) AnU- 

specifically bind to thrCD20 ceU surface antigen of body" J. Clin, One, 7/8:1027-1038 (1989) (indication that 

(ostensibly) both nonnal and maUgnant B ceUs; fee anti- one patient treated witii I-labeled IF-5 achieved a ^^partial 

CD20 antibody bound to the CD20 surface antigen may lead 30 response"); Goldenberg, D. M. et aL, 'Targeting, Dosimetry 

to the destruction and depletion of neoplastic B ccUs. and Radioimmunotherapy of B-CeU Lymphomas with 

Additionally, diemical agents or radioactive labels having Iodine-131-Labeled LL2 Monoclonal Antibody" J, CUn. 

the potential to destroy the tumor can be conjugated to the One. 9/4:548-564 (1991) (ti»ree of eight patients receiving 

anti-CD20 antibody such that die agent is specifically multiple injections reported to have developed a KAMA 

"deUvered" to eg, die neoplastic BccUs. Irrespective of the 35 response); Appdbaum. F R. "Radiolabeled Monoclonal 

approach, a primary goal is to destroy tiie tumor: the specific Antibodies in the Treatment of Non-Hodgkin's Lyn^hcHna" 

Wroach can be determined by tiie particular anti-CD20 HemJOnc. CUnics of N, A. 5/5:1013-1025 (1991) (review 

antibody which is utilized and, thus, the avaUable article); Press. O. W. et al ^-Radiolabeled-AnUbody Therapy 

approaches to targeting the CD20 antigen can vary con&id- of B-CeU Lymphoma with Autologous Bone Marrow Sup- 

Z.abiY 40 port." New England Journal of Medicine 329/17: 

For example, attempts at such targeting of CD20 surface 1219-12223 (1993) (iodine- Bl^^^^ anti-CD20 antibody 

antigen h^ been ^d. Murine (mouse) monoclonal IF5 and Bl); and Kamt^ki. M. G. et al "Radioinm^^ 

antibody 1F5 (an anti-CD20 antibody) was reportedly therapy of B-CeU Lymphoimi w^^ 

adminiiered by continuous intravenous'inf usion ^B ceU '^^''XT^ ^'^^^i^??/^ ^"^''^ 

lymphoma patients. Extremely high levels (>2 grams) of 45 anti-CD20 antibody Bl; hereinafter "Kammski ). 

1F5 were reputedly required to deplete circulating tumor Toxins (ie, chemother^utic agents such as doxoniHcin 

ceUs. and die results were described as being "transient." or mitomycin C) have also been conjugated to antibodies, 

ftess et al., "Monoclonal Antibody 1F5 (Anti-CD20) Sero- See, for exan^le, PCT pubUshed application WO 92/07466 

therapy of Human B-Cell Lymphomas." Blood (published May 14, 1992). 

69/2:584-591 (1987). A potential problem with tiiis 50 "C:himeric" antibodies, ie, antibodies which comprise 

apiwoach is that non-human monoclonal antibodies (eg. portions fi-om two or more different species (eg. mouse and 

murine monoclonal antibodies) typically lade human effec- human) have been developed as an alternative to "conju- 

tor functionality, ie. they are unable to, inta alia, mediate gated" antibodies. For example, Liu, A. Y. et al, "Production 

coiiq)lcment dependent lysis or lyse human target cells of a Mouse-Human (tumeric Monoclonal Antibody to 

dirou^ antibody dependent ceUular toxicity or Fc-recqjta- 55 CD20 with Potent Fc-Depcndent Biologic Activity" J, 

mediated phagocytosis. Furthermore, non^iuman mono- immun, 139/10:3521-3526 (1987), describes a mouse/ 

clonal antibodies can be recognized by the human host as a human chimeric antibody directed against die CD20 antigen, 

foreign protein; tiierefore, repeated injections of such for- See also. PCT PubUcation No. WO 88/04936. However, no 

eign antibodies can lead to the induction of immune information is provided as to die ability, efficacy or practi- 

lesponses leading to harmftil hypersensitivity reactions. For 60 cality of using such chinaeiic antibodies for die treatment of 

murine-bascd monoclonal antibodies, this is often referred B cell disorders in the reference. It is noted diat in vitro 

to as a Human Anti-Mouse Antibody response, <H-"HAMA" functional assays (eg. complement dependent lysis 

response. AdditionaUy, diese "fweign" antibodies can be ("CDC"); antibody dependent cellular cytotoxicity 

attacked by die immune system of die host such diat they ("/UXXT). etc.) cannot inhcrcndy predict die in vivo capa- 

are, in effect, neutralized before tiiey reach ttieir target site. 65 bility of a chimeric antibody to destroy or dqplctc target ceUs 
Lymphocytes and lymphoma cells are inherendy sensitive to expressing the specific antigen. See. for example, Robinson, 
radiotherapy for several reasons: die local emission of R. D. et al., "(tumeric mouse-human anti-carcinoma anti- 
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bodies that mediate different anti-tumor cell biological FIG. 12 provides results of the tumoriddal impact of 

activities " Hum. Antibod, Hybridomas 2:84-93 (1991) C2B8 in a mouse xcnographic model utilizing a B cell 

(chimeric mouse -human antibody having undetectable lymphoblastic tumor; 

ADCC activity). TherefOTe. the potential therapeutic efficacy FIG. 13 provides results of the tumoriddal impact of a 

of chimeric anUbody can only truly be assessed by in vivo 5 combination of Y2B8 and C2B8 in a mouse xcnographic 

experimentation. model utilizing a B cell lymphoblastic tumor; and 

What is needed, and what would be a great advance in the FIGS. 14A and 14B provide results from a Phase I/n 

ait arc therapeutic ^roaches laigcling the CD20 antigen clinical analysis of C2B8 evidencing B-ceU population 

for the treatment of B cell lymphomas in primates. depletion over time for patients evidencing a partial remis- 

induding. but not limited to. humans. ^j^^^ disease (14A) and a minor remission of the 



C SUMMARY OF THE INVENTION 



disease (14B). 



_ , _ . , E. DETAILED DESCRIPTION OF PREFERRED 

Disclosed herein are therapeuUc methods designed for the EMBODIMENTS 
treatment of B cell disorders, and in particular. B cell 

lymphomas. These protocols are based upon the adminis* Generally, antibodies are composed erf two light chains 

tratton of immunologically active chimeric anti-CD20 anti- heavy chain molecules; these chains form a general 

bodies for the depletion of peripheral blood B cells, includ- "Y" shape, with both light and heavy chains forming the 

ing B cells associated with lymphoma; administration of of the Y and the heavy chains forming the base of the 

radiolabeled anti-CD20 antibodies for targeting localized ^' heavy chains arc divided into domains of 

and peripheral B cell assodated tumors; and administration structural and functional homology. The variable domains of 

of chimeric anti-CD20 antibodies and radiolabeled anti- both the light ("V^") and the heavy ("V^"*) chains determine 

CD20 antibodies in a cooperative therapeutic strategy. recognition and spedfidty. The constant region domains of 

light C'C^**) and heavy (**C^") chains confer important 

D. BRIEF DESCRIPTION OF THE DRAWINGS ^5 biological properties, eg antibody chain association, 

, . . , . secretion, transplacental mobility. Fc receptor binding 

FIG. 1 IS a diagrammauc reprcscnUtion of a tandem eomplement binding, etc. The series of events leading to 

dumenc antibody expression vector useful in the producuon in^^unoglobulin gene expression in die antibody producing 

rTf^^R-^ """^^^ anti-CD20 anUbodies ^^^y^^ ^h^ ^^^^e domain region gene 

( TCAE 8 ), sequences are located in separate germ line gene segments 

FIGS. 2A througih 2E (SEQ ID NO; 1) are the nuddc acid ^ referred to as '*V^.*' "D," and "J^," or "V/ and "J^.** These 

sequence of the vector of FIG. 1; gene segments are joined by DNA rearrangements to form 

FIGS. 3A throu^ 3F <SEQ ID NO: 2) arc the nucleic acid the con^)Iete V regions expressed in heavy and light diains, 

sequence of the vector of FIG. 1 further comprising murine respectivdy. The rearranged, joined V segments ( V^-J^ and 

light and heavy diain variable regions ("anti-CD20 in TCAE V^D-J/y) tiien encode the complete variable regions or 

8**); antigen binding domains of light and heavy chains, respec- 

FIG. 4 is die nudeic acid and amino acid sequences tively. 
(Including CDR and framework regions) of murine variable Serotherapy of human B cell lymphomas using an anti- 
region light chain derived from nuirine anti-CD20 nK>no- CD20 murine monoclonal antibody (1F5) has been 
donal antibody 2B8 (SEQ ID NO: 3-4); 40 described by Press et aL, (69 Blood 584, 1987. supra); the 

RG. 5 is the nudeic add and amino acid sequences reported therapeutic responses, unfortunately, were Cran- 

(including CDR and framework regions) of murine variable sient. Additionally, 25% of the tested patients reportedly 

region heavy chain derived from murine anU-CD20 mono- developed a human anti-mouse antibody (HAMA) response 

donal antibody 2B8 (SEQ ID NO: 5-6); serotherapy. Press ct aL, suggest that these antibodies. 

FIG, 6 are flow cytometry results cvidcndng binding of 45 conjugated to tc^ns or radim more 

fluorescent-labeled human Clq to chimeric anti-CD20 ^"^^^^ unconjugated antibody, 

antibody, including, as controls labeled Qq; labeled Qq and Owmg to the debUilating cflfects of B ceU lymphoma and 

murine anti-CD20 monoclonal antibody 2B8; and labeled ^^0^ ^ provide viable treatment aj^oaches to 

Qq and human IgGl^; ^ disease, we have embarked upon different ai^oaches 

«v . .1. ' 1. r ■ . ■ . J I • 50 having a particular antibody, 2BS. as the common link 

HG. 7 represents result of coinplement related lys.s « eTapproaches. One such approach advantageously 

companng chimenc anU-CD20 antibody and munne anti- 1 ^ * i- * l^i ^ 

^rv^rt 1 I .-1. J '>no exploits the ability of mammalian systems to readily and 

CD20 monodonal anUbody 2B»; si - ^% • 1. 1 i.i j n n • 

^ effiaentiy recover perii^eral blood B cells; usmg this 

FIG. 8 represents the results of antibody mediated cellular approach, we seek to, in essence, purge <h- deplete B cells in 

cytotoxicity wiUi U in vivo human effector cells conq>aring peripheral blood and lyn^atic tissue as a means of also 

diimeric anti-(3)20 antibody and 2B8; removing B ceU lymphomas. We accomplish tiiis by utili- 

FIG. 9A. 9B and 9C provide the results of non-human zation of. inter alia, immunologically active, chimeric anti- 
primate peripheral blood B lyn^hocyte depletion after inf u- CD20 antibodies. In another approach, we seek to target 
sion of 0.4 mg/kg (A); 1.6 mg^ (B); and 6.4 mg/kg (C) of tumor ceUs for destniction with radioactive labels, 
immunologically active diimeric anti-CD20 antibody; ^ As used hcrdn, tiie term "anti-CD20 antibody*- is an 

FIG. 10 provides the results of, inter alia, non-human antibody which spedlically recognizes a cell surface non- 
primate per^jheral blood B lynq^hocyte depletion after infu- glycosylated phosjAoprotdn of 35.000 Daltons, typically 
sion of 0.0 1 mg/kg of immunologically active chimeric designated as the human B lymphocyte restricted differen- 
anti-CD20 antibody; tiation antigen Bp35, commonly referred to as CD20. As 

FIG. 11 provides results of the tumoriddal impact <rf 65 used herein, the term "chimeric" when used in reference to 

Y2B8 in a mouse xcnographic model utilizing a B cell anti-CD20 antibodies, encompasses antibodies which are 

lyii9>hoblastic tumor: most preferably derived using recombinant deoxyribo- 
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nucleic acid techniques and whidi comprise both human Methods for preparing parentcrally administerable agents 

(including immunologically "related" species, eg. arc described in P/uirrwacetf/rW Cam>r5 <ft F<?rm«teriort4, 

chimpanzee) and non-human components: the constant Martin, Remington's Pharmaceutical Sciences. 15th Ed. 

region of the chimeric anUT)ody is most preferably substan- (Mack Pub. Co., Easton, Pa. 1975), which is incorporated 

tiaUy identical to the constant region of a natural human 5 herein by reference. 

antibody; the variable r^on of the chimeric antibody is therapeuticaUy effective amount of immu- 

most preferably d^ved from a non-humn sotm^^ nologicJuy active chimeric anti-CD20 antibodies useful to 

the desired antigemc and specifiaty to the CD20 cell surface thexapeutic effect in any given patient can 

antigen. The non-human source can be any vertebrate source ^ determined by standard techniques weU known to those 

which can be used to generate anubodies to a human CD20 of oniinaiy skill in the art. 

cell surface antigen or material comprising a human CD20 r^«^ . j /. ^ 1. « ♦ v 

ceU surface antigen. Such non-human source includes, but is ^ffecuve dosages (le, therap«JticalIy effective amounts) 

not limited to rodents (eg, rabbit rat mouse, etc.) and of the inMnunologically artive chmK^ic 

non-human primates (eg. Old Worid Monkey, Ape, etc.). ^^nge fromabout 0.001 to about 30 mg/^ body weight. 

Most preferably, the non-human component (variable ^^^^^P^^^^^^ '^^^ ^ 

region) is derived from a murine source. As used herein, the ^^^f^h '"'^i^'^'^^J ^^'^ ■ ^^'^ 

ptose "immunologicaUy active" when used in reference to ^Sfl^ ^ ^"S^L Other dosages arc viable; factors influ- 

dumeric anti-CD20 antibodies, means a chimeric anObody ^^^^-^g d«s^<= ^ seventy of 

which binds human Qq, mediates complement dependent the disease; previous txeatment approaches; ova^ 

lysis ("CDC") of human B lymphoid ceU Uncs, and lyses the paUent; oth^ diseases present, ctc.TTie skiUed artisan is 

human target cells through antibody dependent ceUular readily credited with assessing a p^oilar paUent and 

cytotoxicity ("ADCC"). As used herein, the phrases "indi- determimng a suitable dosage that faUs within the ranges, or 

rect labeling" and "indirect labeling aj^oach" both mean necessary, outside of the ranges, 

that a chelating agent is covalently attached to an antibody Introduction of the immunologically active chimeric anU- 

and at least one radionuclide is inserted into the chelating 25 ^^20 antibodies in flicse dose ranges can be carried out as 

agent. Preferred chelating agents and radionuclides are set a single treatment or over a series of treatments. Witfi respect 

forth in Srivagtava, S. C. and Mease, R. C •'Progress in to chimeric antibodies, it is preferred diat such introduction 

Reseairfi on Ligands, Nuclides and TediniqucsfOT Labeling be carried out over a series of Oreatments; this preferred 

Monoclonal Antibodies," Nuci Med, Bio. 18/6: 589-603 approach is laredicated upon the treatment methodology 

(1991) ("Srivagtava") which is incoiporated herein by ref- 3^ associated with this disease. While not wishing to be bound 

erencc. A particularly preferred chelating agent is by any particular theory, because the immunologicaUy 

l-isothiocycmatobenzyl-3-methyldiothelene triaminepcnt active chimeric anti-CD20 antflxxlies are both immunologi- 

aceUc acid ("MX— DTPA"); particulariy preferred radionu- cally active and innd to CD20, upon initial introduction of 

elides for indirect labeling include indium 1 1 11] and yttrium the immunologically active chimeric anti-CD20 antibodies 

(90). As used herein, the phrases **direct labeling" and 35 to the individual, peripheral blood B ceD depletion will 

"direct labeling approach" both mean that a radionuclide is begin; we have observed a nearly complete depiction within 

covalenUy attadied directly to an antibody (typically via an about 24 hours post treatment infusion. Because of this, 

amino acid residue). Prefeired radionucUdes are provided in subsequent introduction(s) of the immunologicaUy active 

Srivagtava; a particularly prefeiied radionuclide for direct chimeric anti-CD20 antibodies (or radiolabeled anti-CD20 

labeUng is iodine 1131] covalenUy attached via tyrosine 4^ antibodies) to the patient is presumed to: a) clear remaining 

residues. The indirect labeling approach is particularly pre- peripheral blood B cells; b) begin B cell depiction from 

fejred. lyn^Jh nodes; c) begin B cell depletion from other tissue 

The ther^utic aRjroaches disclosed herein are based sources, eg. bone marrow, tumor, etc. Stated again, by using 

upon die ability of the immune system of primates to rapidly repeated introductions of the immunologically active chi- 

rccovcr, or rejuvenate, peripheral blood B cells. 45 meric anti-CD20 antibodies, a scries of events take place, 

AdditionaUy, because the principal immune response of each event being viewed by us as important to effective 

primates is occasioned by T cells, when the immune system treatment of the disease. ITie first "event" then, can be 

has a peripheral Wood B cell deficiency, the need fcr viewed as principally directed to substantiaUy dcpletmg the 

"extraordinary" precautions (ie, patient isolation, etc.) is not patient's pcr^eral blood B cells; the subsequent "events" 

necessaiy. As a result of these and other nuances of the 50 can be viewed as either princ^ally directed to simulta- 

immune systems of primates, our therapeutic approadi to B neously or serially clearing remaimng B cells from the 

ceU disorders aUows for the piffging of peripheral blood B system clearing lyn^h node B cells, or clearing other tissue 

cells using Immunologically active chimeric anti-CD20 and- ^ cells. 

bodies. In effect while a single dosage provides benefits and can 
Because peripheral blood B cell disorders, by definition, 55 be effectively utilized for disease treatmcnl/management, a 
can indicate a necessity for access to die blood for treatment. prefened treatment course can occur over several stages; 
the route of administration of the immunologically active most preferably, between about 0.4 and about 20 mg/kg 
chimeric anti-CD20 antibodies and radioalabclcd anti-CD20 body wei^t of the immunologically active chimeric anti- 
antibodies is preferably parentoal; as used herein, the term CD20 antibodies is introduced to the patient once a week for 
"parenteral" includes intravenous, intramuscular. 60 between about 2 to 10 weeks, most preferably for about 4 
subcutaneous, rectal, vaginal or intraperitoneal administra- weeks. 

tion. Of these, intravenous administration is most preferred. with reference to the use of radiolabeled anti-CD20 
The immunologically active chimeric anti-CD20 antibod- antibodies, a preference is that the antibody is non-chimeric; 
ics and radiolabeled anti-CD20 antibodies will typically be this preference is predicted upon the significantiy longer 
provided by standard technique within a pharmaceutically 65 circulating half -life of chimeric antibodies vis-a-vis murine 
acceptable buffer, for exanyjle, sterile saline, sterile buffered antibodies (ie, with a longer circulating half-life, the radio- 
water, propylene glycol, combinations of the foregoing, etc. nuclide is present in the patient for extended periods). 
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However, radiolabeled chimeric antibodies can be bcnefi- from between about 5 and about 40 mCi. more preferably 

dally utilized with lower milii-Cunies (^'mG") dosages less than about 30 mCi. Imaging criteria for. eg. the indium 

used in conjunction with the chimeric antibody relative to [111| label, are typically less than about 5 mC. 

the nuirine antibody. 'Riis scenario allows for a decrease in With respect to radiolabeled anti-CD20 antibodies, 

bone marrow toxicity to an acceptable level, while main- 5 therapy therewith can also occur using a single therapy 

taioing therapeutic utility. treatment or using multiple treatments. Because of the 

A variety of radionuclides are applicable to the present radionuclide component, it is preferred that prior to 

invention and those skilled in the art are credited with the treatment, peripheral stem cells ("PSC) or bone marrow 

ability to readily detomine which radionuclide is most ("BM**) be *1iarvested'' for patients experiencing potentially 

appropriate under a variety of circumstances. For example, 10 f^^al bone marrow toxicity resulting from radiation. BM 

iodine 1 131 J is a well Icnown radionuclide used for targeted and/or PSC are harvested using standard tediniques. and 

immunotherapy. However, the clinical usefulness of iodine then purged and frozen for possible reinfusion. Additionally. 

1 1311 can be limited by several factors including: eight-day it is most prefared that prior to treatment a diagnostic 

physical half-life; dehsdogeoation of iodinated antibody both dosimetry study using a diagnostic labeled antibody (eg. 

in the blood and at tumor sites; and emission characteristics 15 using indium | 111 |) be conducted on the patient, a purpose 

(eg, large gamma component) which can be suboptimal for of which is to ensure that the therapeutically labeled anti- 

locaUzed dose dqwsition in tumor. With the advent of body (eg. using yttrium (901) wiU not become unnecessarily 

superior chelating agents, the opportunity for attadiing "concentrated" in any normal cMgan or tissue, 

metal chelating groups to proteins has increased the of^xv- Chimeric mouse/human antibodies have been described, 

tuaities to utilize other radionuclides such as indium ] 13 1) 20 example. Morrison. S. L. ct al.. PNAS /1:68S1-6S54 

and yttrium 1 90|. Yttrium [90] provides several benefits for (November 1984); European Patent Publication No. 173494; 

utilization in radioimmunotherapeutic applications: the 64 Boulianne. G. L. et aL, Nature 312:643 (December 1984); 

hour half-life of yttrium [90] is long enough to allow Neubeiger, M. S. et al.. Nature 314:268 (March 1985); 

antibody accumulation by tumcM- and, unlike eg. iodine European Patent Publication No. 125023; Tan et al.. 7. 

11311, yttrium [9011 is a pure beta emitter of high energy 25 Immunol 135:8564 (November 1985); Sun. L. K. et al.. 

with no accompanying gamma irradiation in its decay, with Hybridoma SfV.S\l (1986); Sahagan et al., J. Immunol. 

a range in tissue of 100 to 1000 ceU diameters. FurthermOTe, 137:1066-1074 (1986). See generally. Muron. Nature 

the minimal amount of penetrating radiation allows for 312:597 (£>ecember 1984); Dickson, Genetic Engineering 

outpatient administration of yttrium [90 {-labeled antibodies. News 5/3 (March 1985); Maix, Science 229 455 (August 

Additionally, intcralization of labeled antibody is not 30 1985); and Morrison Science 229:1202-1207 (September 

required for cell killing, and the local emission of Ionizing 1985). Robinson et al.. in PCT Publication Number WO 

radiation should be lethal for adjacent tumor cells lacking 88/04936 describe a chimeric antibody with human constant 

the target antigen. region and murine variable region, having specificity to an 

One non-therapeutic limitation to yttrium |90J is based epitope of CD20; the murine portion of the chimeric anti- 

upon the absence of significant gamma radiation making 35 body of the Robinson references is derived from the 2H7 

imaging therewith diCGoilL To avoid this problem, a diag- mouse monoclonal antibody (gamma 2b, kappa). While the 

Dostic **imaging** radionuclide, such as indium [111], can be reference notes that the described chimeric antibody is a 

utilized for determining the location and relative size of a **prime candidate** for the treatment of B cell disorders, this 

tumor prior to the administration of therapeutic does of statement can be viewed as no more than a suggestion to 

yttrium [90)-labeled anti-CD20. Indium [ lUJ is particularly 40 those in the an to determine whether not this suggestion 

preferred as the diagnostic radionuclide because: between is accurate for this particular antibody, particularly because 

about 1 to about 10 mCi can be safely administered wi&out the reference lacks any data to support an assertion of 

detectable toxicity; and the imaging data is generally pre- theri^utic effectiveness, and iiiq>ortantly. data using higher 

dictive of subsequent yttrium j90J-labeled antibody distri- order mammals such as primates or humans, 

bution. Most imaging studies utilize 5 mCi indium [111]- 4S Methodologies for generating chimeric antibodies arc 

labeled antibody because this dose is both safe and has available to those in the art. For examf^e. the light and heavy 

increased Imaging efiSciency coiiq)ared with lower doses. chains can be expressed sq>arately. using, for example, 

with optimal imaging occurring at three to six days after immunoglobulin light chain and immunoglobulin heavy 

antibody administration. See. f<x exaiiq)le. Murray J. L. , 26 chains in separate plasmids. These can then be purified and 

J. Nuc. Med, 3328 (1985) and Carraguillo. J. A. ct al. 26 J. 50 assembled in vitro into complete antibodies; methodologies 

Nuc. Med 67 (1985). for accomplishing such assembly have been described. See, 

Effective single treatment dosages (ie. therapeutically for example. Schaiff,M..//flrve7 Z-ffctofCj 69: 125 (1974). In 

e£fective amounts) of yttrium |90] labeled anti-CD20 anti- vitro reaction parameters for the formation of IgG antibodies 

bodies range from between about 5 and about 75 mCi. more from reduced isolated light and heavy chains have also been 

preferably between about 10 and about 40 mCi. Effective 55 described. Sec. for example. Beychok. S., Cells of Immu- 

single treatment non-mairow ablative dosages of iodine noglobuUn Synthesis^ Academic Press, New Yotk. p. 69. 

1 131 1 labeled anti-CD20 antibodies range from between 1979. Co-expression of light and heavy chains in the same 

about 5 and about 70 mCl more (Mrefeiably between about cells to adiicve intracellular association and linkage of 

5 and about 40 mCH Effective single treatment ablative heavy and light chains into complete HJL^ IgG antibodies is 

dosages (ie. may require autologous bone marrow €0 also possible. Such co-expression can be accon^lished 

transplantation) of iodine ) 131 J labeled anti-CD20 antibod- using either the same or different plasmids in the same host 

ies range from between about 30 and about 600 mCi. more cell. 

preferably between about 50 and less than about 500 mCi. Another approadi, and one which is our most preferred 

In conjunction widi a chimeric anti-CD20 antibody, owing approach for developing a chimeric non-human/hun^ anti- 

to the longer circulating half life vis-a-vis murine antibodies. 6S CD20 antibody, is based upon utilization of an expression 

an effective single treatment non-marrow ablative dosages vector which includes, ab initio. DNA encoding heavy and 

of iodine 1 131 ] labeled diimcric anti-CD20 antibodies range light chain constant regions from a human source. Such a 
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vector allows for inserting DNA encoding non-human van- variable regions which maintain the transitional read- 
able region such that a variety of non-human anti-CD20 ing frame and do not alter the amino adds normally 
antibodies can be generated, screened and analyzed far found in immunoglobulin chains; 
various characteristics (eg. type of binding specificity, 5) The DHFR cassette contained its own eukaryotic 
epitope binding regions, etc.); thereafter. cDNA encoding 5 promoter (mouse beto globin major promoter. "BETA") 
the light and heavy chain variable regions from a preforcd and polyadenylation region (bovine growth hormone 
or desired anti-CD20 antibody can be incorporated into the polyadenylation, "BGIT); and 
vector. We refer to these types of vectors as Tandem Chi- 6) The NEO cassette contained its own eukaryotic pro- 
raeric Antibody Expression ('TCaE**) vectors. A most pre- moter (BETA) and polyadenylation region (SV40 early 
ferred TCAE vector whidi was used to generate immuno- lo polyadenylation, "SV*). 

logically active chimeric anti-CD20 antibodies for With respect to the TCAE 8 vector and the NEO cassette, 

thcr^utic treatment of lymphomas is TCAE 8. TCAE 8 is the Kozak region was a partially impaired consensus Kozak 

a derivative of a veaor owned by the assignee of this patent sequence (SEQ ID NO: 7) (which included an upstream Cla 

document, referred to as TCAE 5.2 the difference being that I site): 

in TCAE 5.2, the translation initiation start site of the 13 

dominant selectable marker (ncomydaphosphostransf erase, ciai -3 +i 

**NEO'^)isaconsensus*Kozakse<iuence.whUcforTCAE8. C3GGAGCITCG aTCOAT ccTct ATG Gtt (SEQ. ID. N0.7) 
this region is a partially impaired consensus Kozak 

sequence. Details regarding the impact of the initiation start (In the TCAE 5.2 vector, the change is between the Clal 

site of the dominant selectable marker of the TCAE vectors 20 and ATG regions, to wit: ccAcc.) 

(also referred to as "ANEX vector**) vis-a-vis ptotcin The complete sequence listing of TCAE 8 (induding the 

expression are disclosed in detail in the co-pending apph- specific components of the four transcriptional cassettes) is 

cation filed herewith. set forth in FIG. 2 SEQ. E). NO. 1. 

TCAE 8 comprises four (4) transcriptional cassettes, and As wiU be appreciated by those in the art, the TCAE 
these are in tandem order, ic. a human immunoglobuUnUght ^ vectorsbeneficially aUow for substantially reducing the tmie 
diain absent a variable region; a human immunoglobulin in generating the immunologically active chimenc anti- 
heavy chain absent a variable region; DHFR; and NEO. CD20 antibodies. Generation and isolation of non-human 
Each transcriptional cassette contains its own eukaiyotic light and heavy chain variable regions, foUowed by incor- 
promoter and polyadenylation region (reference is made to poratioa thereof within the human light chain constant 
HG.l which is a diagrammatic representation of the TCAE » transcripdonal cassette and human heavy cham constant 
8 vector (SEQ ID NO: 1-2). SpedficaUy: transcriptional cassette, allows for production of mmuino- 

. . « „ , , . . r .1, - lofdcallv active chimeric anti-CD20 antibodies. 

1> the CMV oromoter/enhancer in front of the mimuno- t^i^v^j w*u , ^ ^ . . , 

1^ I- K -7^^^ ^.r.i^^ Af th^ We have derived a most preferred non-human variable 

globuhn heavy chain is a truncated version of the ^JT^nnn ..^!«« «. 

^omoter/enhancer in front of the Ught diain, from the '^^"^ "^"^^ u f ^^^^f^^^"^ "'"^^ ^ 

T V ♦ «A\!rri,* &" 35 somcc and hybridoma technology. Usmg polymerase chain 

^1 lof.. ^ ^ ^ ^^^on («rcRl techniques, ^e murine light and heavy 

ly5^^ variable regions were cloned directly into the TCAE 8 

2) a human immunoglobulin light chain constant region vector— this is the most preferred route for incorporaUon of 
was derived via amplification of cDNA by a PCR non-human variable region into the TCAE vectw. This 
reaction. In TCAE 8, this was the human immunoglo- ^ preference is princ^y predicated upon the efficiency of 
buUn light chain kappa constant region (Rabat reaction and the accuracy of insertion. However, 
numbering, amino acids 108-214, allotype Km 3, (see, equivalent procedures for acconq)lishing this task are 
Kabat, E. A. **Sequences of protdns of immunological available. For example, using TCAE 8 (or an equivalent 
interest," NIH Publication, Fifth Ed, No. 91-3242, vectw). Ac sequence of the variable region <tf a non-human 
1991)), and the human iimnunoglobuHn heavy cham anti-CD20 antibody can be obtained, foUowed by oUgo- 
gamma 1 constant region (Kabat numbcrmg ammo nudeotide synthesis of portions of Ae sequence or, if 
acids 114-478. aUotype Gmla, Gmlz). The light cham appropriate, the entire sequence, thereafter, the portions or 
was isolated from normal human blood (IDEC Phar- ^^^^ synthetic sequence can be inserted into the appro- 
maceuticals Corporation, La Jolla, Calif.); RNA there- locations within the vector. Those skilled in the art are 
from was used to synthesize cDNA which was then ^ credited with the abiUty to accoiiQ)Ush this task, 
amplified using PCR techniques (primers were derived preferred immunologicaUy active chimeric anti- 
vis-a-vis the consensus from Kabat). The heavy cham antibodies were derived from utilization of TCAE 8 
was isolated (using PCR techniques) from cDNA pre- ^^^^ included murine variable regions derived from 
pared from RNA which was in turn derived from cells monoclonal antibody to CD20; this antibody (to be dis- 
transfectcdwithahumanIgGlvector(see,3/>n>f.£rt5. 55 cussed in detail, infi^), is referred to as "2B8.'' The complete 
531, 1990; vectOT pN^i62)- TWo amino aads were sequence of the variable regions obtained firom 2B8 in 
changed in the isolated human IgGl to match the g ("anti-CD20 in TCAE 8") is set forth in HG. 3 
consensus amino add sequence from Kabat, to wit: SEQ, ID. NO. 2. 

amino acid 225 was dianged from valine to alanine utilized for protein expression is most 

(GIT to GCA). and amino add 287 was dianged from ^ preferably of mammalian origin; those skiUed in the art arc 

metiiionine to lysine (ATG to AAG); credited with ability to prcfcxentiaUy determine particular 

3) The human inununoglobulin light and heavy chain host cell lines which are best suited for ttie desired gene 
cassettes contain synthetic signal sequences for secre- product to be expressed therein. Exemplary host cell lines 
tion of the immunoglobulin chains; indude, but are not limited to. DG44 and DUXBU (Chinese 

4) The human immunoglobulin ligfit and heavy chain 65 Hamster CWary lines, DHFR niinus),HELA (human cervical 
cassettes contain spedfic DNA restriction sites which carcinoma), CVI (monkey kidney line). COS (a derivative of 
allow for insertion of light and heavy inununoglobulin CVI with SV40 T antigen). R1610 (Chinese hamster 
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fibroblast) BALBC/3T3 (mouse fibrobUst), HAK (hamster 
kidDcy line). SP2/0 (mouse myeloma). P3x63-Ag3,653 
(mouse myeloma), BFA-lclBFT (bovine endothelial cells), 
RAJl (human lymphocyte) and 293 (human kidney). Host 
cell lines arc typically available from commercial services, 
the American Tissue Culture CoUectioD or from published 
literature. 

Preferably the host cell Une is eidicr DG44 ("CHO**) or 
SP2/0. See Urland. G. et al.. "Effect of gamma rays and the 
dihydrofoiate reductase locus: deletions and inversions.** 
Sonu CeU & MoL Gen. 12/6:555-566 (1986). and Shulman, 
M. et al.. "A better cell line for making hybridomas secreting 
specific antibodies.** Nature 276:269 (1978). respectively. 
Most preferably, the host cell line is DG44. Transfection of 
the plasmid into the host cell can be accomplished by any 
technique available to those in the art. These include, but are 
not limited to. transfection (including electrophcresis and 
electroporation), cell fusion with enveloped DNA, 
microinjection, and infection with intact virus. See. 
Ridgway, A. A. G. "Manunalian Expression Vectors.** Chap- 
ter 24.2. pp. 470-472 Vectors, Rodriguez and Denhardt Eds. 
(ButterwOTths. Boston, Mass. 1988). Most preferably, plas- 
mid introduction into the host is via clectroporation. 

F. EXAMPLES 

The following examples are not intended, nor are they to 
be construed, as limiting die invention. The exaiiq)les are 
intended to evidence; dose-imaging using a radiolabeled 
anti-CD20 antibody (*12B8'*); radiolabeled anti-CD20 anti- 
body ("Y2B8*'); and immunologically active, diimeric anti- 
CD20 antibody (**C2B8**) derived utilizing a specific vector 
(*TC:aE 8**) and variable regions derived from murine 
anti-CD20 monoclonal antibody ("2B8*'). 

I. RADIOLABELED ANTI-CD20 
ANTIBODY 2B8 

A. Anti-CD20 Monoclonal Antibody (Murine) Production 
(*7B8*') 

BALB/C mice were repeatedly immunized with the 
human lymphoblastoid ceU line SB (see, Adams. R. A. et aL, 
**Direct iii^>lantatioD and serial transplantation of human 
acute lymphoblastic leukemia in hamsters, SB-2. " Can Res 
28:1121-1125 (1968); this cell line is available from die 
American Tissue Culture Collection. Rockville. Md.. under 
ATCC accession number ATCC CCL 120), with weekly 
injections over a period of 3-4 months. Mice evidencing 
high serum titers of anti-CD20 antibodies, as determined by 
inhibition of known CD20-specific antibodies (anti-CD20 
antibodies utilized were Leu 16. Beckton Dickinson, San 
Jose. Calif., Cat. No. 7670; and Bl, Coulter Corp., Hialeah, 
Fla.. Cat No. 6602201) ware identified; the spleens of such 
mice were then removed. Spleen ccDs were fused with the 
mouse myeloma SP2/0 in accordance with die protocol 
described In Einfeld, D. A. et aL. (1988) EMBO 7:711 
(SP2/0 has ATCC accession no. ATCC C3iL 8006). 

Assays for CD20 specificity were accomplished by radio- 
immunoassay. Briefly, purified anti-CD20 Bl was radiola- 
beled with I*" by the iodobead mediod as described in 
Valentine, M. A. et al., (1989) 7. BioL Chem, 264:11282. 
(I*^^ Sodium Iodide. ICN, Irvine, Calif., Cat No. 28665H). 
Hybridomas were screened by co-incubation of 0.05 ml of 
media from each of the fusion wells together with 0.05 ml 
of I'" labeled anti-CD20 Bl (10 ng) in 1% BSA. PBS (pH 
7.4). and 0.5 ml of the same buffer containing 100.000 SB 
cells. After incubation for 1 hr at room temperature, the cells 
were harvested by transferring to 96 well titer plates (V&P 
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Scientific. San Diego. Calif.), and washed thoroughly. 
Duplicate wells containing unlabeled anti-CD20 Bl and 
wells containing no inhibiting antibody were used as posi- 
tive and negative controls, respectively. Wells containing 
5 greater than 50% inhibition were expanded and cloned. The 
antibody demonstrating the highest inhibition was derived 
from the cloned cell line designated herein as *'2B8.*' 
B. nrq)aration of2B8-MX— DTPA Conjugate 

i. MX— DTPA 

JO Carbon-14-labeled l-isothiocyanatobenzyl-3- 
methyldiethyiene triamincpcntaacetic acid C'carbon-14 
labeled MX — DTPA**) was used as a chelating agent for 
conjugation of radiolabel to 2B8. Manipulations of 
Mx — DTPA were conducted to maintain metal-free 

j3 conditions, ie. metal-firee reagents were utilized and, when 
possible, polypropylene plastic containers (flasks, beakers, 
graduated cylinders, pipette tips) washed with ALCONOX® 
(a detergent) and washed with MILLI-Q® water (purified 
water), were similarly utilized. MX — ^DTPA was obtained as 

2Q a dry solid from Dr. Otto Gansow (National Institute of 
Health, Bethesda. Md.) and stored desiccated at 4^ C. 
(protected from light), widi stock solutions being prepared 
in MILLI-(J® water at a concentration of 2-5 mM, with 
storage at -70** C. MX — DTPA was also obtained from 

^ Coulter Immunology (Hialeah. Fla.) as the disodium salt in 
water and stored at -70'' C. 

ii. Prq>aration of 2B8 

Purified 2B8 was prepared for conjugation with 
MX — ^DTPA by transferring the antibody into metal-free 50 

30 mM bicine-NaOff, pH 8.6. containing 150 mM NaCt using 
repetitive buffer exchange with CENTRICON 30™ spin 
filters (30,000D, MWCO; Amicon). Generally, 50-200 ^L 
of protein (10 mg/nl) was added to the filter unit followed 
by 2 mL of Hdne buffer. The filter was centrif uged at 4*" C. 

35 in a Sorval SS-34 rotor (6.000 ipm. 45 min.). RetenUte 
volume was approximately 50-100 pL; this process was 
repeated twice using the same filter. Retentate was trans- 
ferred to a poiyprc^ylene 1.5 mL screw cap tube, assayed for 
protein, diluted to 10.0 mg/mL and stored at 4"^ C. until 

40 utilized; protein was similarly transferred into 50 mM 
sodium citrate. pH 5.5, containing 150 mM NaCl and 0.05% 
sodium azide, using the foregoing protocol 
iii Conjugation of 2B8 with MX— DTPA 
Conjugation of 2B8 with MX — DTPA was performed in 

45 polypropylene tubes at ambient temperature. Frozen 
MX — ^DTPA stock solutions were thawed irmnediately prior 
to use. 50-200 mL of protein at 10 mg^mL were reacted with 
MX— DTPA at a molar ratio of MX— DTPA-to-2B8 of 4: 1. 
Reactions were initiated by adding flie MX — DTPA stock 

50 solution and gently mixing; the conjugation was allowed to 
proceed overnight (14 to 20 hr), at ambient temperature. 
Unreacted MX — DTPA was removed from flic conjugate by 
dialysis cs repetitive ultrafiltration, as described above in 
Exan^le LB.ii. into metal-free normal saline (0.9% wA^) 

55 containing 0.05% sodium aztde. The protein concentration 
was adjusted to 10 mg/mL and stored at 4*" C. in a polypro- 
pylene tube until radiolabeled. 

iv. Determination of MX — DTPA Incoq)oration 

MX — DTPA incorporation was determined by scintilla- 

60 tion counting and comparing the value obtained with the 
purified conjugate to the specific activity of the carboo-| 14] 
-labeled MX— DTPA. For certain studies, in which non- 
radioactive MX— DTPA (Coulter Immunology) was 
utilized. MX— DTPA incorporation was assessed by incu- 

65 bating the conjugate with an excess of a radioactive carrier 
solution of yttrium-|90| of known concentration and specific 
activity. 
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A stock solution of yttrium chloride of known concentra- 
tion was prepared in metal -free 0.05 N HQ to which 
carrier-free yttrium-! 90] (chloride salt) was added. An ali- 
quot of this solution was analyzed by liquid scintiilatioD 
counting to determine an accurate specific activity for this 
reagent. A volume of the yttrium chloride reagent equal to 
3-times the number of mols of chelate expected to be 
attached to the antibody, (typically 2 mol/mol antibody), was 
added to a polypropylene tube, and the pH adjusted to 
4.0-^.5 with 2M sodium acetate. Conjugated antibody, was 
subsequently added and the mixture incubated 15-30 min. at 
ambient ten^rature. The reaction was quenched by adding 
20 mM EDTA to a final concentration of 1 mM and the pH 
of the solution adjusted to approximately pH 6 with 2M 
sodium acetate. 

After a 5 min. incubation, the entire volume was purified 
by high-performance, size-exclusion chromatography 
(desciit>ed infra). The eluted protein-containing fractions 
were combined, the protein concentration determined, and 
an aliquot assayed for radioactivity. The chelate incorpora- 
tion was calculated using the specific activity of the yttrium- 
[90] diloride pr^>aration and the protein concentration. 

V. Immunorcactivitv of 2B8-MX— DTPA 

The immunoreactivity of conjugated 2B8 was assessed 
using whc4e-cell ELBA. Mid-log phase SB cells were 
harvested from culture by centrifiigation and washed two 
times with IX HBSS. Cells were diluted to 1-2x10* cells/ 
mL in HBSS and aliquoted into 96- well polystyrene micro- 
titer plates at 50.000-100,000 cells/well. The plates were 
dried under vacuum fcx- 2 h. at 40°-45'' C. to fix the ceUs to 
the plastic; plates were stored dry at -20° C until utilized 
For assay, the plates were warmed to ambient temperature 
immediately before use. then blocked with IX TOS. pH 
7.2-7.4 containing 1% BSA (2 h). Samples for assay were 
diluted in IX PBS/1% BSA, ^plied to plates and serially 
diluted (1:2) into the same buffer. After incubating plates for 
1 h. at ambient temperature, the plates were washed three 
times with IX PBS. Secondary antibody (goat anti-mouse 
IgGl-specific HRP conjugate 50 ^L) was added to wells 
(1:1500 dUution in IX PBS/1% BSA) and incubated 1 h. at 
ambient ten:^>eratuFe. Plates were washed four times with 
IX PBS followed by the addition of ABTS substrate solution 
(50 mM sodium citrate. pH 4.5 containing 0.01% ATBS and 
0.001% HjOi). Plates were read at 405 nm after 15-30 min. 
incubation. Antigen-negative HSB cells were included in 
assays to monitor non-specific binding. Immunoreactivity of 
the conjugate was calculated by plotting the absoibance 
values vs. the respective dilution factor and comparing these 
to values obtained using native antibody (representing 100% 
immunoreactivity) tested on the same plate; several values 
on die linear portion of the titration profile were compared 
and a mean value determined (data not shown). 

vi. Preparation of Indium-|l Ill-Labeled 2B8-MX— 
DnrPA(**I2B8") 

Conjugates were radiolabeled with carrier-free indium- 
[111], An aliquot of isotope (0.1-2 mCi/mg antibody) in 
0.05M HCl was transfeired to a polyi»-opylene tul>e and 
f^^nroximatcly one-tenth volume of metal-free 2M HO 
added. After incubation for 5 min.. metal-free 2M sodium 
acetate was added to adjust the solution to pH 4.0-4.4. 
Approximately 0.5 mg of 2B8-MX— ETPA was added from 
a stock solution of 10.0 mg/mL DTPA in normal saline, or 
50 mM sodium citrate/150 mM NaCl containing 0.05% 
sodium azide. and the solution gently mixed immediately. 
The pH solution was checked with pH paper to verify a 
value of 4.0^.5 and the mixture incubated at ambient 
temperature for 15-30 min. Subsequently, the reaction was 
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quenched by adding 20 mM EDTA to a final concentration 
of 1 mM and die reaction mixture was adjusted to jq)pToxi- 
mately pH 6.0 using 2M sodium acetate. 

After a 5-10 min. incubation, uncoraplexed radioisotope 

5 was removed by size-exclusion diromatography. The HPLC 
unit consisted of Waters Model 6000 or TosoHaas Model 
TSK-6110 solvent delivery system fitted, respectively, with 
a Waters U6K or Rheodyne 700 injection valve. Chromato- 
graphic separations were performed using a gel permeation 

10 column (BioRad SEC-250; 7.5x300 mm or con^>arable 
TosoHaas column) and a SEC-250 guard column (7.5x100 
mm). The system was equ^>ped with a fraction collector 
(Pharmacia Frac200) and a UV monitw fitted with a 280 nm 
filter (Pharmacia model UV-1). Samples were applied and 

J 5 eluted isocratically using IX PBS. pH 7.4, at 1.0 mL/min 
flow rate. One-half milliliter fractions were collected in glass 
tubes and aliquots of these counted in a gaimna counter. The 
lower and upper windows were set to 100 and 500 KeV 
respectively. 

20 The radioincorporation was calculated by sunmiing die 
radioactivity associated with the eluted protein peak and 
dividing this number by the total radioactivity eluted from 
the column; this value was then expressed as a percentage 
(data not shown). In some cases, the radioincorporation was 

25 determined using instant thin-layer chromatography 
("rrLC"). Radiolabeled conjugate was diluted 1:10 or 1:20 
in IX PBS containing or IX PBS/1 mM DTPA. then 1 jiL 
was spotted 1.5 cm from one end of a 1x5 cm strip of ITLC 
SG papa. The papa was developed by ascending chroma- 

30 tograpby using 10% ammonium acetate in methanol:watcr 
(l:l;v/v). The str^ was dried, cut in half crosswise, and the 
radioactivity associated with each section determined by 
gamma counting. The radioactivity associated with the bot- 
tom half c( the strip (protein-associated radioactivity) was 

35 expressed as a percentage of the total radioactivity, deter- 
mined by summing the values for both top and bottom 
halves (data not shown). 

Specific activities were determined by measuring die 
radioactivity of an af^m>priate aliquot of the radiolabeled 

40 conjugate. This value was con-ected for the counter efifi- 
ciency (typically 75%) and related to the protein concentra- 
tion of the conjugate, previously determined by absoibance 
at 280 nm, and the resulting value expressed as mCi/mg 
protein. 

45 For some experiments. 2B8-MX — DTPA was radiola- 
beled with indium [111] following a protocol similar to the 
one described above but without purification by HFLC; this 
was referred to as die **mix-and-shoot** protocol. 

vii. Preparation of Yttrium- |90]-Labeled 2B8-MX— 
50 D(PA(**Y2B8") 

The same protocol described for the preparation of I2B8 
was followed for die preparation of the yttrium- 1 90 1-labeled 
2B8-MX— DTPA ("Y2B8") conjugate except that 2 ng HQ 
was not utilized; all preparations of yttrium-labeled conju- 
55 gates were purified by size-exclusion chromatography as 
described above. 

C. Non-Human Animal Studies, 
i. Biodistribution of Radiolabeled 2B8-MX— DTPA 
I2B8 was evaluated for tissue biodistribution in six4o- 
60 eight week old BALB/c mice. The radiolabeled conjugate 
was prepared using clinical-grade 2B8-MX — DTPA follow- 
ing the **mix and shoot"* protocol described above. The 
specific activity of the conjugate was 2.3 mCi/mg and die 
conjugate was formulated in PBS, pH 7.4 containing 50 
65 mg^mL HSA. Mice were injected intravenously with 100 pL 
of I2B8 (^>proximately 21 pCi) and groups of three mice 
were sacrificed by cervical dislocation at 0. 24. 48. and 72 
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hours. After saaiAce. the tail, heart lungs, liver, kidney, 
spleen, muscle, and femur were removed, washed and 
weighed; a sample of blood was also removed for analysis. 
Radioactivity associated with each specimen was deter- 
mined by ganuna counting and the percent injected dose per 
gram tissue subsequently determined. No attempt was made 
to discount the activity contribution r^resented by the blood 
associated with individual organs. 

In a separate protocol aiiquots of 2B^MX — ^DTPA incu- 
bated at 4° C. and 30** C. for 10 weeks were radiolabeled 
witti indium-[lll| to a specific activity of 2.1 mCi/mg for 
both preparations. These conjugates were then used in 
biodistdbution studies in mice as described above. 

For dosimetry determinations. 2B8-MX — ^DTPA was 
radiolabeled with indium-| 111] to a specific activity of 23 
mCi/mg and approximately 1. 1 pCi was injected into each of 
20 BALB/c mice. Subsequently, groups of five mice each 
were sacrificed at 1. 24. 48 and 72 hours and their (x-gans 
removed and prepared for analysis. In addition, portions d 
the skin, muscle and bone were removed and processed for 
analysis; the urine and feces were also collected and ana- 
lyzed for the 24-72 hour time points. 

Using a similar ^>proach. 2B8-MX — ^DTPA was also 
radiolabeled with yttrium-|901 and its biological distribution 
evaluated in BALB/c mice over a 72-hour time period. 
Following purification by HPLC size exclusion 
chromatography, four groups of five mice each were injected 
intravenously with approximately 1 pCi of clinically- 
formulated conjugate (specific activity: 12.2 jjCi/mg); 
groups were sut>sequcntly sacrificed at 1. 24. 48 and 72 
hours and their organs and tissues analyzed as described 
above. Radioactivity associated with each tissue specimen 
was determined by measuring bremstrahlung energy with a 
gamma scintillation counter. Activity values were subse- 
quently expressed as percent injected dose per gram tissue or 
percent injected dose per organ. While organs and other 
tissues were rinsed repeatedly to remove superficial blood, 
the organs were not perfused. Thus, organ activity values 
were not discounted for the activity contribution represented 
by internally associated blood. 

ii. Ttimor Localization of I2B8 

The localization of radiolabeled 2B8-MX — OTPA was 
determined in athymic mice bearing Ramos B cell tumca's. 
Six-to-ei£^t week old athymic mice were injected subcuta- 
neously (left-rear flank) with 0.1 mL of RPMI-1640 con- 
taining 1.2-107 RanK>s tumor cells which had been previ- 
ously ad^»ted for growth in athymic mice. I\unors arose 
within two weeks and ranged in weight from 0.07 to 1.1 
grams. Mice were injected intravenously with 100 pL of 
indium-[lll|-labeled 2B8-MX— DTPA (16.7 pCi) and 
groups of three mice were sacrificed by cervical dislocation 
at 0, 24, 48, and 72 hours. After sacrifice the tail, heart 
lungs, liver, kidney, spleen, imiscle. femur, and tumcM- were 
removed, washed, weighed; a sample of Uood was also 
removed for analysis. Radioactivity associated widi each 
specimen was determined by gamma counting and the 
percent injected dose per gram tissue determined. 

iii. Biodistribution and IXxmor Localization Studies widi 
Radiolabeled 2B8-MX— DTPA 

Following the preliminary biodistribution experiment 
described above (Example LB.viii.a.). conjugated 2B8 was 
radiolabeled with indium-|lll] to a specific activity of 2.3 
mC!i/mg and roughly 1.1 pCi was injected into each of 
twenty BALB/c mice to determine biodistribution of the 
radiolabeled material. Subsequentially. groups of five mice 
each were sacrificed at 1. 24, 48 and 72 hours and their 
organs and a portion of the skin, muscle and bone were 



18 

removed and processed for analysis. In addition, the urine 
and feces were collected and analyzed for the 24-72 hour 
time-points. The level of radioactivity in the blood dropped 
from 40 J % of the injected dose per gram at 1 hour to 1 8.9% 

5 at 72 hours (data not shown). Values fey the heart, kidney, 
muscle and spleen remained in the range of 0.7-9.8% 
throughout the experiment. Levels of radioactivity found in 
the lungs decreased from 14.2% at 1 hour to 7.6% at 72 
hours; similarly the respective liver injected-dose per gram 
values were 103% and 9.9%. These data were used in 
determining radiation absorbed dose estimates I2B8 
described below. 

The biodistribution of yttrium- i 90 |-labeled conjugate, 
having a specific activity of 12.2 mCi/mg antibody, was 
evaluated in BALB/c mice. Radioincorporations of >90% 

*5 were obtained and the radiolabeled antibody was purified by 
HPLC. Tissue dqx>sition of radioactivity was evaluated In 
the major organs, and the skin, muscle, bone, and urine and 
feces over 72 hours and e:q)ressed as percent injected dose/g 
tissue. Results (not shown) evidenced that while the levels 

20 of radioactivity associated with the blood dropped from 
approximately 39.2% injected dose per gram at 1 hour to 
roughly 15.4% after 72 hours the levels of radioactivity 
associated with tail, heart, kidney, musde and spleen 
remained fairly constant at 10.2% or less ^oughout the 

25 course of the experiment. Importantiy, the radioactivity 
associated with the bone ranged from 4.4% of the injected 
dose per gram bone at 1 hour to 3.2% at 72 hours. Taken 
together, these results suggest that little free yttrium was 
associated widi the conjugate and that little free radiometal 

30 was released during the course of the study. These data were 
used in determining radiation absorbed dose estimates for 
Y2B8 described below. 

For tuntor localization studies. 2B8-MX — DTPA was 
prepared and radiolabeled with ^Indium to a specific 

35 activity of 2.7 mCi/mg. One hundred microliters of labeled 
conjugate (approximately 24 pCi) were subsequently 
Injected into each of 12 athymic mice bearing Ramos B cell 
tumors. Tumors ranged in weight from 0.1 to 1.0 grams. At 
time points of 0, 24. 48, and 72 hours following injection. 50 

40 pL of blood was removed by retro-orbital puncture, the mice 
sacrificed by cervical dislocation, and the tail, heart, lungs, 
liver, kidney, spleen, muscle, femur, and tumor removed. 
After processing and weighing the tissues, the radioactivity 
associated with eac^ tissue specimen was determined using 

45 a gamma counter and the values CT^nessed as percent 
injected dose per grancL 

The results (not shown) evidenced &at the tumor ccm- 
centrations of the ^"ln-2B8-MX— DTPA increased steadily 
throughout the course of the experiment Thirteen percent of 

50 the injected dose was accumulated in the tumor after 72 
hours. The blood levels, by contrast, dropped during the 
experiment from over 30% at time zero to 13% at 72 hours. 
All other tissues (except muscle) contained between 1.3 and 
6.0% of the injected dose per gram tissue by the end of die 

55 experiment; musde tissue contained approximately 13% of 
the injected dose per gram. 
D. Human Studies 

L 2B8 and 2B8-MX— DTPA: Immunohistology Studies 
with Human Tissues 
60 The tissue reactivity of murine monoclonal antibody 2B8 
was evaluated using a panel of 32 different human tissues 
fixed with acetone. Antibody 2B8 reacts with the anti-CD20 
antigen which had a very restricted pattern of tissue 
distribution, being observed only in a subset of cells in 
65 lynq^oid tissues including those of hematopoietic origin. 
In the lyn^h node, iirnnunoreactivity was observed in a 
population of mature cortical B-lynqshocytes as well as 
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proliferating cells in die germinal centers. Positive reactivity 
was also observed in the peripheral blood, B-cell areas of the 
tonsils, white pulp of the spleen, and with 40-70% of the 
medullary lymphocytes found in the thymus. Positive reac- 
tivity was also seen in the follicles of the lamina propria 
(Peyer's Patches) of the large intestines. Finally, aggregates 
or scattered lymphoid cells in the stroma of various organs, 
including the bladder, breast, cervix, esophagus. lung, 
parotid, prostate, small intestine, and stomach, were also 
positive with antibody 2B$ (data not shown). 

All simple epithelial cells, as well as the stratified epi- 
thelia and epithelia of different organs, were found to be 
unreactive. Similarly, no reactivity was seen with neuroec- 
todermal cells, including those in the brain, spinal cord and 
peripheral nerves. Mesenchymal elements, such as skeletal 
and smooth muscle cells, fibroblasts, endothelial cells, and 
polymorjAonuclcar inflammatory cells were also found to 
be negative (data not shown). 

The tissue reactivity of the 2BS-MX— DTPA conjugate 
was evaluated using a panel of sixteen human tissues which 
had been fixed with acetone. As previously demonstrated 
with the native anuTxxly (data not shown), the 2B8-MX — 
DTPA conjugate recognized the CD20 antigen which exhib- 
ited a highly restricted pattern of distribution, being found 
only on a subset of cells of lymphoid origin. In the lyn^ 
node, immunoreactivity was observed in the B cell popula- 
tion. Strong reactivity was seen in the white pulp of the 
spleen and in the medullary lyn:^>hocyte5 of the thymus. 
Immun<xeactivity was also observed in scattered lympho- 
cytes in the bladder, heart, large intestines, liver, lung, and 
uterus, and was attributed to the presence of inflanunatory 
cells present in these tissues. As with the native antibody, no 
reactivity was observed with neuroectodermal cells ot with 
mesenchymal elements (data not shown). 

a. Clinical Analysis of 12B8 (Imaging) and Y2B8 
(Ther^y) 

a. Phase MI Clinical Trial Single Dose Therapy Study 
A Phase VH clinical analysis of I2B8 (imaging) followed 

by treatment with a single ttenq^eutic dose of Y2B8 is 

currently being conducted. For the single-dose study, the 

following schema is being followed: 

1. Perq>heral Stem Cell (PSC) or Bone Marrow (BM) 

Harvest with Purging; 
2. 12B8 Imaging; 

3. Y2B8 Therapy (three Dose Levels); and 

4. PSC or Autologous BM lyansplantetion (if necessary 
based upon absolute neutrophil count below 50(Vnun^ for 
three consecutive days or platelets below 20.0(XVmm^ with 
no evidence of marrow recovery on bone marrow 
examination). 

The Dose Levels of Y2B8 are as follows: 



Dose Level 


Do6c(mCi) 


1. 


20 


2. 


30 


3. 


40 



Three patients are to be treated at each of the dose levels 
for deterroinatioD of a Maximum Tolerated Dose (*'MTD*'). 

Imaging (Dosimetry) Studies are conducted as follows: 
each patient is involved in two in vivo biodistribution 
studies using I2BS. In the first study. 2 mg of I2B8 (5 mQ), 
is administered as an intravenous (i.v.) infusion over one 
hour, one week later 2B8 (ie. unconjugated antibody) is 
administered by Lv. at a rate not to exceed 250 mg/hr 
followed immediately by 2 mg of 12B8 (5 mCi) adminis- 
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tered by i.v. over one hour. In both studies, immediately 
following the I2B8 infusion, eadi patient is imaged and 
imaging is repeated at time t=14-18 hr (if indicated). t=24 
hr; 1^72 hr; and t=96 hr (if indicated). Whole body average 
5 retention times for the indium iUl] label arc determined; 
such determinations are also made for recognizable organs 
or tumor lesions (^Vegions of interest**). 

The regions of interest arc compared to the whole body 
coiK:entrations of the label; based upon this conqjarison. an 
estimate of the localization and concentration of Y2B8 can 
be determined using standard protocols. If the estimated 
cumulative dose of Y2B8 is greater than eight (8) times the 
estimated whole body dose, or if the estimated cumulative 
dose for the liver exceeds 15(X) cGy, no treatment with Y2B8 
should occur. 

If the imaging studies are acceptible. either 0.0 or 1.0 
mg^ patient body weight of 2B8 is administered by i.v. 
infusion at a rate not to exceed 250 mg/h. This is followed 
by administration of Y2B8 (10.20 or 40 mCi) at an i.v. 
inftision rate of 20 mCi/hr. 
20 b. Phase VU. Clinical TYial: Multiple Dose Therapy 
Study 

A Phase Vn clinical analysis of of Y2B8 is currently being 
conducted. For the multiple-dose study, the following o 
schema is being followed: 
25 1. PSC or BM Harvest; 
2. 12B8 Imaging; 

3. Y2B8 Therapy (three Dose Levels) for four doses or a 
total cumulative dose of 80 mCi; and 

4. PSC or Autologous BM Transplantation (based upon 
3Q decision of medical practitioner). 

The Dose Levels of Y2B8 are as follows: 





Dose Level 


Dose (nCi) 


35 


1. 


10 




2. 


15 




3. 


20 



Three patients are to be treated at each of the dose levels 

40 for dctcimination of an MTD. 

Imaging (Dosimetry) Studies are conducted as follows: A 
preferred imaging dose for the unlabeled antibody (ie. 2B8) 
will be determined with the first two patients. The first two 
patients will receive 100 mg of unlabeled 2B8 in 250 cc of 

45 normal saline over 4 hrs followed by 0.5 mQ of I2B8 — 
blood will be sampled tot biodistribution data at times t:=0, 
t-lOmin.. t=120 miiL, t^24 hr. and t^8 hr. Patients wiU be 
scanned with multiple regional gamma camera images at 
times t=2 hr, t=24 hr and t=48 hr. After scanning at t^ hr. 

50 the patients will receive 250 mg of 2B8 as described, 
followed by 4.5 mCi of I2B8 — blood and scanning will then 
follow as described. If 100 mg of 2B8 produces superior 
imaging, then the next two patients will receive 50 mg of 
2B8 as described, followed by 0.5 mCi of I2B8 foUowed 48 

55 hrs later by 100 mg 2B8 and then with 4.5 mCi of I2B8. If 
250 mg of 2B8 produces superior imaging, then the next two 
patients will receive 250 mg of 2B8 as described, followed 
by 0.5 mCi of 12B8 followed 48 hrs later with 500 mg 2B8 
and then with 4.5 mCi of I2B8. Subsequent patients will be 

60 treated with the lowest amount of 2B8 that provides optimal 
imaging. Optimal imaging will be defined by: (1) best 
effective imaging with the slowest disappearance of anti- 
body; (2) best distribution minimizing compartmentallzation 
in a single organ; and (3) best subjective resolution of the 

65 lesion (tumor/background comparison). 

For the first four patients, the first therapeutic dose of 
Y2B8 will begin 14 days after the last dose of I2B8; for 
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subsequent patients, the first therapeutic dose of Y2B8 will See. FIGS. 1 and 2A-E for corresponding Mlu I and Nhe 

begin between two to seven days after the I2B8. I sites in TCAE 8, and FIGS. 3A^ for corresponding sites 

Prior to treatment widi Y2B8, for the patients other than in anti-CD20 in TCAE 8. 

the first four. 2B8 will be administered as described* foi- jhe sequence for this mouse heavy chain is set forth in 

lowed by i.v. infusion of Y2B8 over 5-10 rain. Blood will 5 rG- 5 (SEQ. ID. NOS. 5-6); see also HGS. 3A-F nucle- 
bc samirfed fcH" biodistribution at times fc=0. t=ltoin.. t=120 otide 2401 through 2820. FIG. 5 also provides the amino 

min.. t=24 hr and t=48 hi. Patients will receive rq)etitive acid sequence from this murine variable region, and the 

doses of Y2B8 (the same dose administered as with the first COR and framework regions. The mouse heavy chain vari- 

dosc) approximately every six to eight weeks for a maxi- able region from 2B8 is in the mouse VH 2B family. Sec, 

mum of four doses, or total cumulative dose of 80 mQ. It is lo Kabat. supra. 

most prefOTed that patients B. Creation of Chimeric Anti-CD20 Producing CHO and 

Y2B8 until the paUents* WBC is greater than/equal to 3,000 Transfectc«nas 

and AGC is greater than/equal to 100.000. ^. ^ i. t^aa 

Followinglcompletion <rf the three^ose level study, an . ^"f"' ^^f^ < ^"9 > DG44 were grown 

MTD will be defined. Additional patients will then be i5 .^S™ H rmnus hypoxanthme and Uj^^^ media 

enrolled in the study and these wiU receive the MTD, (^ibco. Grand Island. N.Y. Form No 91-0456PIQ; SK/0 

mouse myeloma cells were grown in Dulbecco s Modified 

n. CHIMERIC ANTI-CD20 ANTIBODY Eagles Medium media ("DMEM") (Irvine Scientific, Santa 

PRODUCTION ("C2B8") Ana. Calif., Cat No. 9024) with 5% fetal bovine serum and 

20 ml/L glutamine added. Four million cells were electropo- 

A. Construction of Chimeric Anti-CD20 Immunoglobulin ^ rated with either 25 jig CHO or 50 pg SP2/0 plasmid DNA 

DNA Expression Vector that had been restricted with Not I using a BTX 600 

RNA was isolated from the 2B8 mouse hybridoma cell (as elcctroporation system (BTX. San EWego, Calif.) in 0.4 ml 
described in Chomczynki, P. et al., "Single step method of disposable cuv^s. Conditions were either 210 volts for 

RNA isolation by acid guanidinium thiocyanate-phenol- ^ CHO or 180 volts for SP2/0. 400 microfaradays. 13 ohms, 

chloroform extraction." Anal. Biochem, 162:156-159 Each elcctroporation was plated into six 96 well dishes 

(1987)). and cDNA was prepared therefrom. The mouse (about 7.000 cells/well). Dishes were fed with media con- 

imraunoglobulin light chain variable region DNA was iso- taining G418 (GENETICIN, Gibco. Cat. No. 860-1811) at 

lated from the cDNA by polymerase chain reaction using a 400 pg/ml active compound for CHO (media further 

set of DNA primers with homology to mouse light diain ^ included 50 yM hypoxanthine and 8 pM thymidine) or 800 

signal sequences at the 5' end and mouse light chain J region ^g/ml for SP2/0. two days following elcctroporation and 

at the 3' end. Primer sequences were as follows: thereafter 2 or 3 days until colonies arose. Supernatant from 

1. Sense SEQ. ID. NO. 8 colonics was assayed for the presence of chimeric imimi- 
5' Arc AC AGATCT (TTC ACC ATG GAT TTT CAG nogit^lin via an ELISA specific for human antibody. 

GTG CAG ATT ATC AGC TTC 3* 35 Colonies producing the highest amount of immunoglobulin 

_ ... J .-T^.^. n- A were expanded and plated into 96 well plates containing 

(The underlined portion is a Bgl H site; tiic abov^hncd ^ methotrexate (25 nM for SK/O and 5nM for 

portion IS the start codon.) ^^^^ Supcmatants were 

2. AnUsense SEQ. ID. N O. 9 assayed as above and colonies producing the highest amount 

S'TGCAGCATCCeiM^GnTGArrrCCAGCrr ^ of immunoglobulin were examined. Oiimeric anti-CD20 

3' antibody was purified from supernatant using protein A 

(The underlined portion is a Bsi WI site.) affinity chromatogr^y. 

Sec. FIGS. 1 and 2A-E (SEQ ID NO: 1) for the cone- Purified chimeric anti-CD20 was analyzed by electro- 
ending Bgl n and Bsi WI sites in TCAE 8. and FIGS. phoresis in polyacrylamidc gels and estimated to be greater 
3A-F (SEQ ID NO: 2) for the corresponding sites in 45 than about 95% pure. Affinity and specificity of the chimeric 
anti-CD20 in TCAE 8. antibody was determined based upon 2B8. Chimeric anU- 

These resulting DNA fragment was cloned directly into CD20 antibody tested in direct and competitive binding 

the TCAE 8 vector in front of the human kappa li^t diain assays, when compared to murine anti-CD20 monoclonal 

constant domain and sequenced. The determined DNA antibody 2B8, evidenced comparable affinity and specificity 

sequence for the nunine variable region light chain is set 50 on a number of CD20 positive B cells lines (data not 

forth in FIG. 4 SEQ. ID. NO. 3-4; see also FIGS. 3A-F presented). The apparent affinity constant ("Kap") of the 

nucleotides 978 throu^ 1362. FIG. 4 further provides the chimeric antibody was determined by direct binding of I*^' 

amino acid sequence from this murine variable region, and radiolabeled chimeric anti-CD20 and compared to radiola- 

the CDR and framcw(M:k regions. The mouse light chain beled 2B8 by Scatchard plot; estimated Kap for CHO 

variable region from 2B8 is in the mouse kappa VI family. 53 produced chimeric anti-CD20 was 5.2x1 0"9M and for 

See. Kabat, supra. SP2/0 produced antibody. 7.4x1 0"®M. The estimated Kap 

The mouse heavy chain variable region was similarly 2B8 was 3.5xlCr^. Direct competition by radioimmu- 

isolated and cloned in front of the human MJl constant noassay was utilized to confirm both the specificity and 

domains. Primers were as follows: retention of immun<»cactivity of the chimeric antibody by 

1 V Sense SEO ID NO 10 ^ comparing its ability to effectively compete with 2B8. 

r^r nr^ rnr Arrv-nr r-rr r-rr> -rnn nAi- 7- SubstantiaUy equivaient amounts (rf chimeric anU-CD20 and 

5 GCG GCr CCC ACCCGT GTC CTG TCC CAG 3 2B8 antibodies were required to produce 50% inhibition of 

(The underlined portion is an Mlu I site.) binding to CD20 antigens on B oeUs (data not presented), ie. 

2. V„ Antisense SEQ. ID. NO. 11 tiiere was a minimal loss of inhibiting activity of the 

5' GG(G/C) TGT TGT GCTAGC TG(A/C) (A/G)GA 65 anti-CD20 antibodies, presumably due to chimerization. 

GAC (G/A)Gr GA 3* The results of Example ILB indicate, inter alia, that 

(The underlined portion is an Nhe I site.) diimeric anti-CD20 antibodies were generated from CHO 
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and SP2/0 transfectomas using the TCAE 8 vectors, and Efficient lysis of target cells was obtained at 3.9 ^ig/mL In 

these chimeric antibodies had substantially the same speci- contrast, under the same conditions, the murine anti-CD20 

ficity and binding c^ability as murine anti-CD20 mono- monoclonal antibody 2B8 had a statistically insignificant 

donal antibody 2B8. effect, and CD20 negative HSB cells were not lysed. Results 

C. Determination of Immunological Activity of Chimeric 5 arc presented in FIG. 8. 

Anti-CD20 Antibodies Tlie results of Example II indicate, inter alia, that the 

L Human Clq Analysis chimeric anti-CD20 antibodies of Example I were immu- 

Giimeric anti-CD20 antibodies produced by both CHO nologically active. 

and SP2/0 cell lines were evaluated for human da binding „ „ 

in aflow cytometry assay using fluorescein labeled Qq (Clq 10 ^ DEPLBnON OF B CELLS IN VIVO USING 

was obtained from Quidel, Mira Mesa, Calif., Prod. No. CHIMERIC ANn-CD20 

A400 and FTTC label fi-om Sigma, St. Louis Mo., Prod, No. a. Non-Human Primate Study 

F-7250;FTrC Labeling of Clq was accomplished in accor- Three-separate non-human primate studies were con- 
dance with the protocol described in Selected Methods In ducted. For convenience, these are referred to herein as 
C(?/Iu/flr/mm«m)/ogy,MicheU«&Shiigi, Ed. (W.H. Freeman 15 "Chimeric Anti-CD20: CHO & SP2/0;'* "Chimeric Anti- 
& Co., San Francisco, Calif.. 1980, p. 292). Analytical Qjy20: CHO;" and "High Dosage Chimeric Anti<:D20." 
results were derived using a Becton Dickinson FACScan™ Conditions wwc as follows: 
flow cytometer (fluorescein measured over a range of Chimeric Anti-CD20: CHO & SP2A) 
515-545 nm). Equivalent amounts of chimenc anti-CD20 ^. , , -u* 
antibody, hunuTlgGLK myeloma protein (Binding Site. 20 monkeys ranging m weight to^ 4.5 to 
San Diego. Calif ., Prod. No BP07&rand 2B8 were incu- L^^.^^^"'^^ Alamogcrdo. 
bated wiUi an equivalent number of CD20-positive SB ceUs. ^.M.) were divided imo three groups of two monkeys each^ 
foUowed by a wash step with FACS buffer (0.2% BSA in f """^^T^n l^Lt r^l 
PBS. pH 7:4. 0.02% scJdium azide) to remove unattached inmuinologi^y acUve ^i^T^.?^^-^^^^ 
antibody, followed by incubation with FTTC labeled Clq. 25 ammalm each ^oupreceiv^^ 

FoUowing a 30-60 min. incubation, ceUs were again ?P other received antibody pro- 
washed. The three conditions, including FTTClabeled Clq ^^^^^^ f ^'"'^'^'H^^T^n f IS^L^^^ 
as a controL were analyzed on the FACScan™ foUowing ^^^y dosages com: spon^g to 0.1 mg/1^, 

manufacturing instructions. Results are presented in FIG. 6 ^'^.^ '^™n trivSl 

AstheresiUtsofnG.6evidence.asiinificantincreasein 30 immunologicaUy active anU-CD20 antibody 

fluorescence was observed only for the Chimeric ana-CD20 ^^^ich was adimxed w^^e sahne. was admmistered by 

antibody condition; ie, only SB cells with adherent chimeric "^^ravenous inftision; blood samples were diawn pnor to 

anti-CD20 anUboJy were"^ Clq positive, whUe the othcx ^ff "^^'^T'^ ^'K^^^^^.I^Z^^^ 

conditions produced the same as the control. ^ ^^^^ '^^^i'^IT^S^l Z J^7^^T. 

r _ j.^.i, days 1. 3, 7, 14 and 28; blood samples were also taken 

IK Complement Dcpende^^ ^5 ^^^^j the study 

Chunenc anti-CD20 antibodies were analyzed for their at dav 90 

ability to lyselynmhoma cell lines in tiie presence of human \ ,^.^1..^. ^ - ^ 

serum (complciXt source). CD20 positive SB cells were Approximatdy 5 ml of who^e blocxl from eadi ammal 

labeled with '^Cr by admixing 100 pCi of ''Cz with lxlO<^ was centnfuged at 2000 RFM for 5 min^ PUsma was 

SB cells for 1 hr at 37o C; labeled SB cells were tiien 40 removed for assay of soluble chimaic anU^20 anubody 

incubated in the presence of equivalent amounts of human ^^""^^^"^ P^^^' (contaimng peripheral blood leukocytes 

complement and equivalent amounts (0-50 Mg/ml) of cither f blood ajlls) was resuspended m fetal caff serum for 

diiiSeric anti-CD20 antibodies or 2B8 for 4 hfs at 37^ C. fluoresocnt-labe led ^Ubo^ analysis (see, Huorescent 

(see. Brunner. K. T et al., "Quantitative assay of the lytic Antibody labeling of Lymphoid CeU Population, mfra.). 

action of immune lymjAoid cells on '^Cr-labded allogeneic 45 Chimenc Anti-CD20: CHO 

target cells in vitro." Immunology 14:181-189 (1968). Six cynomolgus monkeys ranging in weight from 4 to 6 

Results are presented in FIG. 7. Idlograms (White Sands) were divided into three groups of 

The results of FIG. 7 indicate, inter alia, that chimeric two monkeys each. All animals were injected witti inmui- 

anti-CD20 antibodies produced significant lysis (49%) nologically active chimeric anti-CD20 antibodies produced 

under these conditions. 50 ^^m the CHO transfectoma (in sterile saline). The three 

iiL Antibody Dependent CeUular Cytotoxicity Effector &^P^ were separated as foUows: subgroup 1 received daUy 

ji^gj^y intravenous injections <rf 0.01 mg/kg of the antibody over a 

For this study, CD20 positive cells (SB) and CD20 fo«r W pcnod; subgroup 2 received daUy intravenous 

negative cells (T ccU leukemia line HSB; see. Adams. injections of 0.4 mgrtcg of the antibody over a four (4) day 

Richard. "Formal Discussion." Can. Res. 27:2479-2482 55 period; subgroup 3 received a single mtravenous injertion of 

(1967) : ATCC deposit no, ATCC CCL 120. 1) were utilized; 6.4 mg/kg of the antibody. For all tiiree subgroups, a blood 
both were labeled with ^'Cr. Analysis was conducted fol- sanq>lc was obtained laior to initiation of treatment; 
lowing the protoccd described in Brumicr, K. T. et al., additionally, blood sauries were also drawn at T=0. 1,3.7. 
^XJuantitative assay of the lytic action erf immune lyn^Aoid 14 and 28 days foUowing tiie last injection, as descnbed 
cells on ^'Cr-labcled allogeneic target ceUs in vitro; inhibi- 60 a^ve, and these samples were j^occssed for fluorescent 
tion by isoantibody and drugs." Immunology 14:181-189 labeled antibody analysis (see. "Huorescent Antibody 

(1968) ; a substantial chimeric anti-CD20 antibody dcpcn- Labeling," infra.). In addition to periirf»eral blood B ceU 
dent ceU medliated lysis of CD20 positive SB target ceUs quantitation, lynq* single cell preparation stained for quan- 
(^^Q-labeled) at the end of a 4 hr. 37'* C. incubation, was titation of lymphocyte populations by flow cytometry, 
observed and this effect was observed for both CHO and 65 High Dosage Chimeric Anti-CD20 

SP2/0 produced antibody (effector cells were human periph- Two cynomolgus monkeys (White Sands) were infused 

eral lymphocytes; ratio of effector cellstoget was 100:1). with 16.8 mg/kg of the immunologically active chimeric 
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10 



15 



aDti-CD20 antibodies from the CHO transfectomas (in ster- 
ile saline) weekly over a period of four consecutive weeks. 
At the conclusion of the treatment, both animals were 
anesthetized for removal of bone marrow; lymph node 
biopsies were also taken. Both sets of tissue were stained for 
the presence of B lymphocytes using Leu 16 by flow 
cytometry following the protocol described in Ung, N. R. ct 
al., **B-cell and plasma cell antigens." Leucocyte Typing II! 
White Ceil Differentiations Antigens. A. J. McMichael, Ed. 
(Oxford University Press, Oxford UK, 1987). p. 302. 

Fluorescent Antibody Labeling of Lyn^old Cell Popu- 
lation 

After removal of plasma, leukocytes were washed twice 
with Hanks Balanced Salt Solution (**HBSS") and resus- 
pended in a plasma equivalent volume of fetal bovine serum 
(heat inactivated at 56^ C. for 30 min.)- A 0.1 ml volume of 
the cell preparation was distributed to each of six (6). 15 ml 
conical centrifuge tubes Fluorescein Labeled monoclonal 
antibodies with specificity for the human lyn^ihocyte sur- 
face markers CD2 (AMAC, Westbrook, Mc.). CD20 
(Becton DlckinsoD) and human IgM (Binding Site. San 
Diego. Calif.) were added to 3 of the tubes for Identifying T 
and B lymphocyte populations. Ail reagents had previously 
tested positive to the corresponding monkey lymphocyte 
antigens. Chimeric anti-CD20 antibody bound to monkey B 
cell surface CD20 was measured In the fourth tube using 
polyclonal goat anti-human IgG coupled with phycoerythrin 
(AMAC). This reagent was pre-adsorbed on a monkey 
Ig-sq)harose column to prevent cross-reactivity to monkey 
Ig, thus allowing specific detection and quantitation of 
chimeric anti-CD20 antibody bound to cells. A fifth tube 
included both anti-IgM and anti4iuman IgG reagents for 
double stained B cell population. A sixth sample was 
included with no reagents for determination autofluores- 
cence. Cells were incubated with fluorescent antibodies for 
30 min.. washed and fixed with 0.5 ml of fixation buffer 
(0.1 5M NaQ. 1% paraformaldehyde, pH7.4) and analyzed 
on a Becton Dickinson FACTScan™ instrument Lymphocyte 
peculations were initially identified by forward versus ri^t 
angle Ug^t scatter in a dot-plot bitm^ with unlabeled ^ 
leucocytes. The total lymphocyte population was then iso- 
lated by gating out all other events. Subsequent fluoiesceDce 
measurements reflected only gated lyn^^hocyte specific 
events. 

Depletion of Perq>heral Blood B Lymphocytes 

No observable difference could be ascertained between 
the efficacy of CHO and SP2/0 produced antibodies in 
depleting B cells in vivo, although a slight increase in B cell 
recovery beginning after day 7 for mcMikeys injected with 
chimeric antK!D20 antibodies derived from CHO transfec- 
tomas at dosage levels 1.6 mg^ and 6.4 mg^ was 
observed and for the monkey injected with SP2/0 producing 
antibody at the 0.4 mg/kg dose level. FIGS. 9A, B and C 
provide the results derived from the chimeric anti- 
CD20:CHO & SP2A) study, with FIG. 9A directed to the 0.4 
mg^ dose level; FIG. 9B directed to the 1.6 mg/kg dose 
level; and FIG. 9C directed to the 6.4 mg/kg dose level. 

As is evident fi-om FIGS. 9A*C, there was a dramatic 
decrease (>95%) in peripheral B cell levels after the thera- 
peutic treatment across all tested dose ranges, and these 
levels were maintained up to seven (7) days post infusion; 
after this period, B cell recovery began, and, the time of 
recovery initiation was indepenctent of dosage levels. 

In the Chimeric Anti-CD20:CHO study, a lO-fold lower 
antibody dosage concentration (0.01 mg/kg) over a period of 
four daily injections (0.04 mg/kg total) was utilized. FIG. 10 
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provides the results of this study. This dosage depleted ttie 
peripheral blood B cell population to approximately 50% of 
normal levels estimated with either the anti-surface IgM or 
the Leu 16 antibody. The results also indicate that saturation 
of the CD20 antigen on the B lymphocyte population was 
not achieved with immunologically active chimeric anti- 
CD20 antibody at this dose concentration over this period of 
time for non-human primates; B lymphocytes coated with 
the antibody were detected in the blood samples during the 
initial ^ee days following therapeutic treatment However, 
by day 7. antibody coated cells were undetectable. 

Table I sunmiarizes the results of single and multiple 
doses of immunologically active chimeric anti-CD20 anti- 
body on the peripheral blood populations; single dose con- 
dition was 6.4 mg/kg; multiple dose condition was 0.4 
m^kg over four (4) consecutive days (these results were 
derived from the monkeys described above). 

TABLE I 

PERIPHERAL BLOOD POPULAnON FROM C2B8 PRIMAIE STUDY 



45 



55 



60 



65 



MGQkey 


Dose 


Day 


CD2 


Aoti-HuIgG 


A 


0.4 mg/kg 


Pre Weed 


81J 






(4 doses) 


0 


86.5 


0.2 






7 


85.5 


0.0 






21 


93.3 








28 


85.5 




B 


0.4 mgHcg 


Preblecd 


81.7 






(4 doses) 


0 


94.6 


0.1 






7 


92.2 


O.I 






21 


84.9 








28 


84.1 




C 


6.4 mgflcg 


PKbleed 


77.7 


0.0 




(1 dose) 


7 


85.7 


0.1 






21 


86.7 








28 


76.7 




D 


6.4 mg/kg 


Preblecd 


85.7 


O.l 




(tdose) 


7 


94.7 


0.1 






21 


8S.2 








28 


85.9 






Anti-Hu IgO 






Monkey 


Anti-HulgM* Leu- 16 


% B Cell Depktioa 


A 




9.4 




0 




0.3 


OjO 




97 




0.1 


1.2 




99 






2.1 




78 






4.1 




66 


B 




14.8 




0 




0.2 


0.1 




99 




0.1 


0.1 




99 






6.9 




53 






8.7 




41 


C 


0.2 


17.0 




0 




0.1 


0.0 




99 






14.7 




15 






8.1 




62 


D 


0.1 


14.4 




0 




0.2 


OJQ 




99 






92 




46 






6.7 




53 



'Double stainiiig popuhtioQ wldch mdicafrw exteat of clmnenc aiiti-CD20 
coated B ceDs. 

The data summarized in Table I indicates that depletioo of 
B cells in peripheral blood under conditions of antibody 
excess occurred r^idly and effectiveiy, regardless of single 
or multiple dosage levels. Additionally, depletion was 
observed for at least seven (7) days following the last 
injection, with partial B cell recovery observed by day 21. 

Table n summarizes die effect of immunologically active, 
chimeric anti-CD20 antibodies on cell populations of lymph 
nodes using the treatment regimen of Table I (4 daily doses 
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of 0.4 mg/kg; 1 dose of 6.4 mg/kg); comparative values for 
Donnal lymph nodes (control monkey, axillary and inguinal) 
and normal bone marrow (two monkeys) are also provided 

TABLED 

CELL POPULAnONS OF LYMPH NODES 



28 



TABLE m 



CELL POPULAIIONS OF LYMPH NOMS AND BONE MARROW 
Lymphocyte Populatiocs (%) 

Monkey CD2 CDTXf mIgM + anti-CfflS** CTBS' Da/ 



Monkev 


Dose 


Day 


CD2 


Anb-HulgM 


A 


0.4 pifl/^g 


7 


66.9 






(4 doses) 


14 


76.9 


19.6 






28 


61.6 


19.7 


B 


04 mo/kfl 


7 


59.4 






(4 doses) 


14 


83.2 


9.9 






28 


84.1 


15.7 


C 


6.4 mg/kg 


7 


75J 






(1 dose) 


14 


74.1 


17.9 






28 


66.9 


23.1 


D 


6.4 mg/kg 


7 


83.8 






(Idose) 


14 


74.1 


17.9 






28 


84.1 


12.8 




Anti-Hu IgG + 








Monkey 


Anti-HuIgM 


Leu- 16 


% B Lymphocyte Depletkm 


A 


7.4 


40.1 




1 




0.8 


22.6 




44 






26.0 




36 


B 


29S 


52.2 




0 




0.7 


143 




64 






14,6 




64 


C 


22.3 


35.2 




13 




1.1 


23.9 




41 






21.4 




47 


D 


12^ 


19.7 




51 




0.2 


8.7 




78 






12.9 




68 



IQ 



15 







li^guina] Lymph Node 






£ 


90 jO 


53 


4.8 


6.5 


22 


F 


910 


63 


5.6 


6.3 


22 


G 


89.9 


SH 


3.7 


5.8 


36 


H 


85.4 


123 


1.7 


1.8 


36 








Done Marrow 






£ 


46.7 


43 


2.6 


2.8 


22 


F 


41.8 


3jO 


2.1 


2.2 


22 


G 


35.3 


0.8 


1-4 


1.4 


36 


H 


25.6 


4.4 


4.3 


4.4 


36 



20 



CD2 



Anti-Hu IgG + 
Anti-Hu IgM 



Anti-Hu 
IgM 



Leu.16 



Lympbx^tc 
DepleCioa 



35 



'bidkaies population stained widi Leu 16. 

^Indicates double staining population, positive for surface IgM cells and 
chimeric antibody coated cells. 

«Ljdicates total population staining tor chimenc antibody iIlchldi^g double 
staining surface IgM positive ceUs and single staining (surface IgM negative) 
cells. 

*^ys after injection of final 16.8 ng/kg dose. 

Both animals evaluated at 22 days post treatment cessa- 
25 tion contained less than 5% B cells, as conq>ared to 40% in 
control lyn^jh nodes (see. Table IL supra). SimDarly. in the 
bone noairow of animals treated with chimeric aDti-CD20 
antibody, the levels of CD20 positive cells were less than 3% 
as compared to 11-15% in the normal animals (sec. Table JL 
30 supra). In the animals evaluated at 36 days post treatment 
cessation, one of the animals (H) had approximately 12% B 
cells in the lymph node and 4.4% B cells lo bone manow. 
while the other (G) had approximately 5% B cells in the 
lyn^ node and 0.8% in the bone mairow— the dau is 
indicative of significant B cell defection. 

The results of Example IILA indicate, inter alia, that low 
doses of immunologically active, chimeric anti-CD20 leads 
to long-tcim peripheral blood B cell depletion in jraaates. 
The data also indicates that significant depletion of B cell 
40 populations was achieved in peripheral lynr^h nodes and 
bone manow when repetitive high doses of the antibody 
were administered. Continued follow-up on the test animals 
has indicated that even with such severe depletion of periph- 
eral B lymphocytes during the first week of treatment, no 
45 adverse health dffects have been observed. Furthermore, as 
recovery of B cell population was observed, a conclusion to 
be drawn is that the pluripotent stem cells of these primates 
were not adversely affected by the treatment. 
B. Clinical Analysis of C2B8 
50 L Phase MI Clinical Trial of C2B8: Single Dose Therapy 
Study 

Fifteen patients having histologically documented 
relapsed B cell lyrc^homa have been treated with C2B8 in 
a Phase i/R Clinical Trial. Each patient received a single 
55 dose of C2B8 in a dose-escalating study; there were three 
patients per dose: 10 mgAn*; 50 mg/m^; 100 mg/m^ 250 
mg^m^ and 500 mg/m^. Tireatment was by Lv. infusion 
through an 0.22 micron in-line filter with C2B8 being 
toxicity associated with the administration of the chimeric diluted in a final volume of 250 cc or a maximal conceo- 
antibody. as well as the efiBcacy of B cell depletion from 60 tration of 1 mgftnl of normal saline. Initial rate was 50 cc/hr 

for the first hour; if no toxicity was seen, dose rate was able 
to be escalated to a maximum of 200 cc/hr. 

Toxicity (as indicated by the clinician) ranged from 
"none", to 'Tever** to ''moderate*' (two patients) to "severe" 
65 (one patient); all patients conq>leted the therapy treatment. 
Peripheral Blood Lymphocytes were analyzed to determine, 
inter alia, the impact of C2B8 on T-cells and B-ceils. 



Normal Lymph 
Nodes 
Control 1 

AxiUaxy 

thgiiiital 

Normal Bone 
Manow 

CoDtrc^2 
ComzD) 3 



55.4 
52.1 



653 
29^ 



25.0 
31-2 



19JQ 
28.0 



41.4 
39J 



11.4 
16.6 



NA 
NA 



NA 
NA 



The results of Table II evidence effective depletion of B 
lynq)hocytes for both treatment regimens. Table II fiirther 
indicates that for the non-human primates, complete satu- 
ration of the B ceils in the lymphatic tissue with immuno- 
logically active, chimeric anti-CD20 antibody was not 
achieved; additionally, antibody coated cells were observed 
seven (7) days after treatment followed by a maiked deple- 
tion of lymph node B cells, observed on day 14. 

Based upon this data, die single High Dosage Chimeric 
Anti-(IX>20 study referenced above was conducted, fvinci- 
pally with an eye toward pharmacologyAoxicology deter- 
mination, le this study was conducted to evaluate any 



peripheral blood lymph nodes and bone marrow. 
Additionally, because the data of Table K indicates that for 
that study, the majority of lymph node B cells were deleted 
between 7 and 14 days fc^owing treatment, a weekly dosing 
regimen might evidence more efficacious results. Table m 
summarizes the results of the High Dosage Chimeric Anti- 
CD20 study. 
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CoDslstcDtly for ail patients. Peripheral Blood B Lynipho- autoclaved. Tumor cells were passaged by excising tumors 

cytcs were depleted after inhision with C2B8 and such and passing these through a 40 mesh screen; cells were 

.depletion was maintained for in excess of two weeks. washed twice with IX HBSS (50 ml) by ccntrifiigation 

One patient (receiving 100 mg/' of C2B8 ) evidenced a (1300 rpm), rcsuspendcd in IX HBSS to 10x10* ceUs/ml. 

Partial Response to the C2B8 treatment (reduction of greater 5 frozen at -70° C. until used, 

ftan 50% in the sum of the products of the popcBdicular For the experimental conditions. ceUs from several frozen 

diameters of aU measunible uidicator lesions lasting greater ^ ccntrifiigation (1300 RPM) 

than four weeks, dunng which no new lesions may appear ^^^^ ^.^ HBSS. Cells w« then resus- 

and no existmg lesions may enkige); at least one other ,^ ponded to approximately 2.0x10* cells/ml. Approximately 9 

patient (receiving 500 mg/m'') evidenced a Minor Reawnse f . • a ♦uaia i n • 

^ i^^o . ^ . ^ to 12 mice were injected with 0.10 ml of the cell suspension 

to the C2B8 treatment (reduction of less than 50^ but at / ^ . , ^' c-^„.%u -ic -ji • • ^• 

1 * • *v V *u ^ t ^ (s.c.) using a Iccsynnge fitted with a 25 g needle; mjections 

least 25% in the sum of the products of the two longest . *u . • ■ * j • • , • ^ 

^. , ^. ^ X II ... . J. . . V were made on the animal's left side, approximately rmd- 

perpendicular diameters of all measurable mdicator lesions). . „ . i ^ • • * i *, i 

.^i^™, region. TXimors developed in approximately two weeks. 

For presentational efSaency. results of the PBLs areseii5_ -ma a j wji. 

^ L - T^^o jT,/i;^ . .J Tumors were exased and processed as descnbed above. 

fMth in FIGS 14A and B; data for the patient evidencmg a ^ .^^^ ^^^^ed above with 1.67x10* 

PR IS set forth m FIG. 14A; for the patient evidencmg an cells in 0 10 ml HBSS 

MR, data is set forth in FIG. 14B. In FIGS. 14 and B, die ^ ^° * 

foUowing are appUcable: preliminary dosing experiments, it was deter- 

20 mined that 200 mg of C2B8 and 100 fiCi of Y2B8 would be 

« = Lymphocytes; •& = CD3+ceUs(T cells); Utilized for the Study. Ninety female nu/nu mice 

^ = CD2a^ cells; ♦ = CD19* ccUs; e- = Kappa; ^ - lambda; (approximately 10 weeks old) were injected with the tumor 

and = C2B8 ^^^* Approximately ten days later, 24 mice were assigned 

^ to four study groups (six mice/group) while attenopting to 

As evidenced, the B ceU markers CD20 and CD19, Kappa "'^'^^^ ^ comparable tumor size distribution in each group 

and Lambda, were depleted for a period in excess of two expressed as a produrt of lengthxwidth 

weeks; while tho-e was a slight, iniUal reduction in T-cell °^ approximately 80 mm-^. The followmg 

counts, these returned to an proximate base-line level in a groups were Created as indicated via tail-vain injections 

relatively r^ld time-firame. 30 using a 100 |d Hamilton syringe fitted with a 25 g needle: 

ii. Phase I/U Clinical TVial of C2B8: Multiple Dose A. Normal Saline 

Therapy Study B y2Bg / ^qq 

Patients having histologically confirmed B cell lymphoma C C2B8 (2(X) )* and 

with measurable progressive disease are eligible for this ' voiic /tnn r^-!* .lt^ouo /ohtl 

study which is separated into two parts: in Phase L consist- ^' "^^^^ ^^^^^ 

ing of a dose escalation to characterize dose limiting tox- ^^"P' ^^BS were given a second C2B8 

icities and determination of biologicaUy active tolerated ^'"J*^^^" ^^00 fig^mouse) seven days after the initial injec- 

All f *i- *; * -n • II- tion. Tumor n^asurements were nutde every two or three 

dose leveL groups of three pauents wiU receive weekly i.v. ui^a^ tii«,u» a w<-xt, iua%*^ ^y^y iwv 

infusions of C2B8 for a total of four (4) separate infusions. 40 ^ caliper. 

Cumulative dose at each of the three levels will be as Preparation of treatment materials were in accordance 

foUows: 500 mg/m^ (125 mg/m^/infusion); 1000 mg/m= foUowing protocols: 

(250 mg/m=*/infusion); 1500 mg/m^ (375 mg/mVinfusion. A ^ Preparation of Y2B8 

biologicaUy active tolerated dose is defined, and wiU be Yttrium-[901 diloride (6 mCi) was transformed to a 

determined, as the lowest dose with both tolerable toxicity polypn^lene tube and adjusted to pH 4.1-4.4 using metal 

and adequate activity); in Phase IL additional patients wiU ^ ^M sodium acetate. 2B8-MX— DTPA (0 J mg in nor- 

receive the biologicaUy active tolerated dose with an empha- ^aUne; sec above for preparation of 2B8-MX— DTPA) 

sis on determining the activity of the four doses of C2B8. ^as added and gently mixed by vortexing. After 15 min. 

incubation, the reaction was quenched by adding 0.05x 

IV. COMBINAnON THERAPY: C2B8 AND » volume 20 mM EOTA and 0.05xvolumc 2M sodium acetate. 
Y2"Rfi 

* Radioactivity concentration was determined by diluting 5.0 
A combination therapeutic qiproach using C2B8 and jil of the reaction mixture in 2.5 mlxFBS containing 75 
Y2B8 was investigated in a mouse xenographic model nii^nil HSAand 1 mM DTPA(*tcffniulation buffer**); count- 
(nu/nu mice, female, ^^proximately 10 weeks old) utilizing 55 ing was accomplished by adding 10.01 to 20 ml of Ecol- 
a B ceU lymphoblastic tumor (Ramos tumor cells). For ume™ scintillation cocktail. The remainder of the reactive 
comparative purposes, additional mice were also treated mixture was added to 3.0 ml fonnulation buffer, sterile 
with C2B8 and Y2B8. filtered and stored at 2*'-8*' C. untU used. Specific activity 
Ramos tumor cells (ATCC. CRL 1596) were maintained (14 mCi/mg at time of injection) was calculated using the 
in culture using RPMI-1640 supplemented with 10% fetal ^ radioactivity concentration and the calculated jyotein con- 
calf scrum and glutamine at 37** C. and 5% CXDa- Tumors centration based upon the amount of antibody added to the 
were initiated in nine female nude mice apfvoximately 7-10 reaction mixture. Protein-associated radioactivity was deter- 
weeks old by subcutaneous injection of 1.7x10^ Ramos ceUs mined using instant diin-layer chromatography. Radioincor- 
in a volume of 0.10 ml (HBSS) using a 1 cc syringe fitted £5 poration was 95%. Y2B8 was diluted in formulation buffer 
widi 25 g needle. AU animals were manipulated in a laminar inunediately before use and sterile-filtered (final radioactiv- 
flow hood and aU cages, bedding, food and water were ity concentration was 1.0 mO/ral). 
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B. Preparation of C2B8 the types of results reported in the literature with this Ubd 

C2B8 was prepared as described above. C2B8 was pro- (see Kaminsid). An alternative preference involves the use 

vided as a sterile reagent in normal saline at 5.0 mg/ml. Prior of a radiolabeled 2BS (or C2B8) first in an effort to increase 

to injection, the C2B8 was diluted in normal saline to 2.0 ^ *c peimeabiUty of a tumor, foUowed by single or multiple 

mg/ml and sterile filtered. treatments with C2B8; the intent of this strategy is to 

V increase the chances of the C2B8 in getting both outside and 

* ^ , inside the tumor mass. A further strategy involved the use of 

FoUowing treatment, tumor size was expressed as a ^^^^^^^ , combination with C2B8. These 

product of lengm and width, and m^^^ strategies include so-called "staggered- treatments ae, treat- 

onthedaysindicatedinnailO^^^^^ ment with chemotherapeutic a^nt foUowed by treatment 

(C2B8 vs. Saline); and RG. 13 (Y2BW:2B8 vs. Saline). ^.^ followed by a repetition of this protocol. 

Standard eiror was also determined. Alternatively, initial treatment witfi a single or multiple 

As indicated in FIG. 13, the combination of Y2B8 and ^^^^ qB8, thereafter foUowed with chemother^utic 

C2B8 exhibited tumoricidal effects comparable to the effects is ireatcment is viable. Preferred chemotherapeutic agents 

evidenced by either Y2B8 or C2B8. include, but arc not limited to: cydophlsphamide; doxoru 



V. ALTERNATIVE THERAPY STRATEGIES 



bidn; vincristine; and prednisone. See Armitage. J. O. et al.. 
Cancer 50:1695 (1982), incorporated herein by reference. 

Alternative therapeutic strategies recognized in view of ^ foregoing alternative therapy strategies are not 

die foregoing examples are evident One such strategy intended to be limiting, but rather are presented as being 

en^loys the use of a therapeutic dose of C2B8 followed representative, 
within about one week with a combination of either 2B8 and 

radiolabeled 2B8 (eg. Y2B8); or 2B8, C2B8 and. eg. Y2B8; VI. DEPOSIT INFORM AHON 

or C2B8 and, eg. Y2B8. An additional strategy is utilization 25 Anti-CD20 in TCAE 8 (transformed in £. coli for pur- 

of radiolabeled C2B8 — such a strategy allows for utilization poses of deposit) was deposited with the American Type 

<rf the benefits of the immun<^c^cally active portion of Culture Collection (ATCC) on Nov. 4, 1992. 12301 

C2B8 plus those benefits associated with a radiolabel. Pre- Parklawn Drive, Rockville. Md.. 20852. under the provi- 

ferred radiolabds include yttrium-90 given the larger circu- ^ sions of the Budapest Treaty for the International Recogni- 

lating half-life of C2B8 versus the murine antibody 2B8. tion of Ihe Deposit of MicroOTganisms for tiie Purpose of 

Because of the ability of C2B8 to deplete B-cclls. and the Patent Procedure ("Budapest Treaty"). The microorganism 

benefits to be derived fi-om the use of a radiolabel, a was tested by the ATCC on Nov. 9, 1992. and determined to 

preferred alternative strategy is to treat the patient with be viable on that date. The ATCC has assigned this micro- 

C2B8 (either with a single dose or multiple doses) such that 35 organism for die following ATCC d^sit number: ATCC 

most if not aU. per^heral B cells have been depleted. This 69119 (anti-CD20 in TCAE 8). Hybridoma 2B8 was depos- 

would tficn be foUowed with tfie use of radiolabeled 2B8; ited witii the ATCC on Jun. 22, 1993 under the provisions of 

because of die depletion of peripheral B cells, the radiola- the Budapest TVeaty. The viability of the culture was deter- 

beled 2B8 stands an increased chance of targeting tumor mined on Jun. 25. 1993 and the ATCC has assigned this 

cells. Iodine 1 131 1 labeled 2B8 is preferably utilized, given hybridoma the following ATCC deposit number: HB 11388. 

SBQUEhfCE USTINO 

( 1 >aEKERALINPORMAnON: 

( i i i ) NUMBER OF SBQUENCES: II 

( 2 )INP0RMAnONP0RSEQn>NO:l: 

< i ) SEQUENCE CHARACTERISTICS: 

( A )LENGIH: aS41 bmaoftkt 
( B ) TY1>e: nuckk add 
( C ) STRANDGDKBSS: tii^ 
( D )TOP(X.OOy:dn 

( i i ) MOLECULE TYPE: I»lA (I 

( i i i )HYPOIHBTlCAL:NO 

( i V )AKn-SENSE:NO 

( T i i i ) POSITION IN OENOME: 

( A ) CHROMOSOME/SBGFMENT: TCAE 8 



( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
OACGTCOCOO CCOCTCTAOO CCTCCAAAAA 



AOCCTCCTCA CTACTTCTOO AATAGCTCAO 



33 



5,776,456 

-continued 



34 



AGGCCGAGOC OOCCTCOGCC TCTGCATAAA TAAAAAAAAT TAOTCAOCCA TGCATOGOOC 120 

GGAGAATGGG CGOAACTOOO CGGAOTTAGG GGCGGGATGG OCOGAGTTAG OGGCGGGACT i»0 

ATGGTTGCTG ACTAATTGAO ATGCATOCTT TGCATACTTC TOCCTGCTGG OGAGCCTGOO 240 

GACTTTCCAC ACCTOGTTOC TOACTAATTG AGATOCATOC TTTGCATACT TCTOCCTOCT 300 

GGGGAGCCTO OGOACTTTCC ACACCCTAAC TOACACACAT TCCACAGAAT TAATTCCCCT 360 

AGTTATTAAT AGTAATCAAT TACGGOGTCA TTAGTTCATA GCCCATATAT OOAOTTCCOC 420 

GTTACATAAC TTACGOTAAA TOOCCCOCCT OOCTOACCOC CCAACGACCC CCOCCCATTO 480 

ACOTCAATAA TGACGTATGT TCCCATAGTA ACGCCAATAG OGACTTTCCA TTOACGTCAA 540 

TGOGTOOACT ATTTACOGTA AACTGCCCAC TTOGCAGTAC ATCAAGTGTA TCATATOCCA 600 

AGTACOCCCC CTATTGACGT CAATOACOGT AAATGOCCCG CCTGGCATTA TGCCCAOTAC 660 

ATGACCTTAT GOOACTTTCC TACTTGOCAO TACATCTACG TATTAOTCAT COCTATTACC 720 

ATGGTOATGC GGTTTTGOCA GTACATCAAT OOOCGTGOAT AOCGGTTTOA CTCACOOOOA 7»0 

TTTCCAAOTC TCCACCCCAT TOACOTCAAT GGGAGTTTOT TTTGGCACCA AAATCAACOO 840 

GACTTTCCAA AATGTCGTAA CAACTCCGCC CCATTGACGC AAATOGOCOG TAOOCGTOTA 900 

CGGTGGGAGG TCTATATAAG CAOAGCTGGO TACOTGAACC OTCAGATCOC CTOOAOACGC 960 

CATCACAGAT CTCTCACCAT GAGGGTCCCC GCTCAGCTCC TOOGOCTCCT OCTOCTCTOO 1020 

CTCCCAOGTG CACGATGTGA TOGTACCAAG OTOOAAATCA AACOTACOGT GOCTOCACCA lOSO 

TCTGTCTTCA TCTTCCCOCC ATCTOATOAG CAGTTOAAAT CTOGAACTGC CTCTGTTGTG 1140 

TGCCTGCTGA ATAACTTCTA TCCCAGAOAO OCCAAAOTAC AGTGGAAGOT GGATAACOCC 1200 

CTCCAATCOG OTAACTCCCA OGAGAGTOTC ACAOAGCAGG ACAGCAAGGA CAGCACCTAC 1260 

AGCCTCAGCA GCACCCTGAC OCTGAOCAAA GCAOACTACO AGAAACACAA AGTCTACGCC 1320 

TGCOAAOTCA CCCATCAGGG CCTOAGCTCG CCCGTCACAA AOAOCTTCAA CAOOOOAOAG 1380 

TGTTGAATTC AOATCCOTTA ACGGTTACCA ACTACCTAGA CTGOATTCGT GACAACATOC 1440 

OGCCGTGATA TCTACOTATO ATCAOCCTCG ACTOTOCCTT CTAOTTOCCA OCCATCTOTT 1500 

GTTTOCCCCT CCCCCGTOCC TTCCTTGACC CTOOAAOOTO CCACTCCCAC TGTCCTTTCC 1560 

TAATAAAATO AGOAAATTOC ATCGCATTOT CTGAOTAOGT GTCATTCTAT TCTOOOOGOT 1620 

OGGOTGOGOC AGGaCAGCAA OGCGOAOOAT TGGGAAGACA ATAOCAGGCA TGCTOGOGAT 1680 

GCOGTOOGCT CTATGGAACC AOCTGGOGCT CGACAGCTAT GCCAAGTACG CCCCCTATTO 1740 

ACOTCAATOA CGOTAAATGO CCCOCCTGGC ATTATOCCCA OTACATOACC TTATGGGACT ISOO 

TTCCTACTTO OCAOTACATC TACOTATTAO TCATCGCTAT TACCATGOTO ATOCOOTTTT 1860 

GOCAOTACAT CAATGOGCGT OOATAGCOOT TTOACTCACO OOOATTTCCA AGTCTCCACC 1920 

CCATTGACGT CAATOOGAOT TTOTTTTOGC ACCAAAATCA ACOGOACTTT CCAAAATGTC 1980 

GTAACAACTC CGCCCCATTG ACGCAAATOO GCOOTAOOCG TOTACOOTGG GAOOTCTATA 2040 

TAAGCAGAOC TOOOTACOTC CTCACATTCA OTOATCAOCA CTOAACACAG ACCCOTCGAC 2100 

ATOGGTTGOA OCCTCATCTT COTCTTCCTT OTCGCTGTTO CTACOCCTOT COCTAGCACC 2160 

AAGOOCCCAT CGOTCTTCCC CCTGOCACCC TCCTCCAAOA GCACCTCTGG QOOCACAOCO 2220 

GCCCTOGOCT OCCTOGTCAA GOACTACTTC CCCOAACCOG TGACOOTGTC OTOOAACTCA 2280 

OGCGCCCTGA CCAOCOGCOT OCACACCTTC CCOOCTOTCC TACAOTCCTC AOOACTCTAC 2340 

TCCCTCAOCA OCGTOGTGAC COTGCCCTCC AOCAOCTTOO OCACCCAOAC CTACATCTOC 2400 

AACOTOAATC ACAAGCCCAO CAACACCAAG GTOOACAAOA AAOCAOAOCC CAAATCTTOT 2460 
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GACAAAACTC ACACATOCCC ACCOTGCCCA OCACCTOAAC TCCTGGOGOO ACCOTCAGTC 2520 

TTCCTCTTCC CCCCAAAACC CAAOGACACC CTCATOATCT CCCGOACCCC TGAOGTCACA 2580 

TOCGTOOTOO TOOACOTOAO CCACGAAGAC CCTOAOOTCA AOTTCAACTO GTACOTGGAC 2640 

GOCOTOOAOG TOCATAATOC CAAOACAAAO CCGCOOGAOO AGCAOTACAA CAOCACOTAC 2700 

CGTOTOOTCA GCOTCCTCAC CGTCCTOCAC CAGOACTOGC TOAATOOCAA OOACTACAAG 2760 

TOCAAOOTCT CCAACAAAOC CCTCCCAOCC CCCATCOAGA AAACCATCTC CAAAOCCAAA 2820 

GOOCAOCCCC OAOAACCACA OOTOTACACC CTGCCCCCAT CCCOOOATOA OCTOACCAOG 2880 

AACCAGGTCA GCCTGACCTG CCTOGTCAAA OOCTTCTATC CCAOCGACAT CGCCGTOOAG 2940 

TOOOAOAGCA ATOGGCAOCC OOAOAACAAC TACAAOACCA CGCCTCCCOT GCTOOACTCC 3000 

GACOGCTCCT TCTTCCTCTA CAOCAAOCTC ACCOTOGACA AOAOCAGGTO GCAGCAOGGG 3060 

AACCTCTTCT CATGCTCCGT OATGCATGAO OCTCTGCACA ACCACTACAC OCAGAAGAOC 3120 

CTCTCCCTOT CTCCOGOTAA ATGAOGATCC GTTAACOGTT ACCAACTACC TAOACTGGAT 3180 

TCGTGACAAC ATGCGGCCOT GATATCTACG TATOATCAOC CTCOACXaTO CCTTCTAOTT 3240 

GCCAOCCATC TGTTGTTTOC CCCTCCCCCO TGCCTTCCTT GACCCTGGAA OGTGCCACTC 3300 

CCACTOTCCT TTCCTAATAA AATOAGGAAA TTOCATCOCA TTGTCTOAGT AOGTGTCATT 3360 

CTATTCTOOG GOOTGGOGTG OOGCAGGACA OCAAOOOGGA OGATTOOOAA GACAATAOCA 3420 

OOCATGCTGO GGATGCOOTG GOCTCTATOG AACCAOCTGO GGCTCGACAG COCTGOATCT 3480 

CCCOATCCCC AOCTTTGCTT CTCAATTTCT TATTTGCATA ATGAGAAAAA AAOGAAAATT 3540 

AATTTTAACA CCAATTCAOT AGTTGATTGA GCAAATGCGT TGCCAAAAAG GATOCTTTAO 3600 

AGACAOTOTT CTCTOCACAO ATAAOGACAA ACATTATTCA GAOGGAGTAC CCAGAOCTGA 3660 

OACTCCTAAO CCAGTOAGTG GCACAOCATT CTAGOOAGAA ATATOCTTOT CATCACCGAA 3720 

GCCTGATTCC GTAOAOCCAC ACCTTGGTAA OOOCCAATCT GCTCACACAG OATAOAGAGO 3780 

CAGGAOCCAO GOCAOAOCAT ATAAGGTOAO OTAOGATCAG OTTGCTCCTC ACATTTGCTT 3840 

CTGACATAOT TOTGTTOOOA COTTOGATAO CTTOOACAOC TCAGGOCTGC OATTTCGCGC 3900 

CAAACTTOAC GOCAATCCTA GCGTGAAOGC TGGTAGGATT TTATCCCCOC TGCCATCATO 3960 

GTTCGACCAT TGAACTOCAT COTCOCCOTG TCCCAAAATA TGGGOATTOG CAAOAACOGA 4020 

GACCTACCCT OOCCTCCGCT CAGOAACGAO TTCAAGTACT TCCAAAGAAT OACCACAACC 4080 

TCTTCAOTOO AAOGTAAACA GAATCTOGTG ATTATOGGTA GOAAAACCTO OTTCTCCATT 4140 

CCTGAOAAOA ATCGACCTTT AAAGGACAOA ATTAATATAO TTCTCAOTAO AOAACTCAAA 4200 

GAACCACCAC OAOOAOCTCA TTTTCTTOCC AAAAGTTTOG ATOATGCCTT AAOACTTATT 4260 

GAACAACCOG AATTGOCAAG TAAAGTAOAC ATOGTTTGGA TAOTCGGAOG CAOTTCTOTT 4320 

TACCAOGAAO CCATOAATCA ACCAOOCCAC CTTAGACTCT TTOTGACAAG GATCATOCAG 4380 

OAATTTGAAA GTGACACGTT TTTCCCAGAA ATTOATTTGG OOAAATATAA ACTTCTCCCA 4440 

GAATACCCAG OCOTCCTCTC TGAGGTCCAO GAOGAAAAAG OCATCAAGTA TAAOTTTOAA 4500 

OTCTACOAOA AGAAAGACTA ACAGGAAOAT GCTTTOAAGT TCTCTGCTCC CCTCCTAAAO 4560 

TCATOCATTT TTATAAGACC ATGGGACTTT TOCTGGCTTT AOATCAOCCT COACTOTGCC 4620 

TTCTAOTTGC CAOCCATCTG TTOTTTGCCC CTCCCCCOTG CCTTCCTTOA CCCTGGAAOG 4680 

TOCCACTCCC ACTGTCCTTT CCTAATAAAA TGAOGAAATT GCATCOCATT OTCTOAGTAG 4740 

OTGTCATTCT ATTCTGGOGO OTGGOOTGGO GCAOOACAGC AAGGOGGAOG ATTGGGAAGA 4800 

CAATAOCAGG CATGCTOOGG ATGCGOTOOG CTCTATOGAA CCAOCTGGOG CTCOAGCTAC 4860 
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TAOCTTTOCT TCTCAATTTC TTATTTOCAT AATQAGAAAA AAACOAAAAT TAATTTTAAC 4920 

ACCAATTCAO TAGTTGATTG AOCAAATGCO TTGCCAAAAA OOATGCTTTA GAGACAOTOT 4980 

TCTCTGCACA GATAAOOACA AACATTATTC AGAGGGAGTA CCCAOAOCTO AOACTCCTAA 5040 

OCCAOTGAGT OOCACAGCAT TCTAOOOAOA AATATGCTTG TCATCACCOA AOCCTOATTC 5 100 

COTAOAGCCA CACCTTGGTA AGOOCCAATC TOCTCACACA GGATAOAGAO OOCAGOAOCC 5 160 

AGCGCAGAGC ATATAAGGTG AGOTAGOATC AOTTOCTCCT CACATTTGCT TCTOACATAO 5220 

TTGTGTTOOO AGCTTGGATC GATCCTCTAT OOTTOAACAA OATOOATTOC ACOCAOOTTC 5280 

TCCGOCCGCT TGGGTCGAGA OGCTATTCGO CTATGACTGO GCACAACAGA CAATCGGCTO 5340 

CTCTGATGCC OCCGTGTTCC GOCTGTCAOC GCAOGGOCGC CCOOTTCTTT TTGTCAAOAC 5400 

COACCTGTCC OOTGCCCTGA ATOAACTOCA GGACOAOOCA OCOCOOCTAT CGTOOCTOOC 5460 

CACGACOGGC OTTCCTTOCO CAGCTGTGCT COACOTTOTC ACTOAAOCGG OAAGGGACTG 5520 

GCTOCTATTG OOCOAAGTOC COGOGCAGGA TCTCCTOTCA TCTCACCTTO CTCCTGCCGA 5580 

GAAAGTATCC ATCATGGCTG ATGCAATGCO GCGCCTOCAT ACOCTTOATC COGCTACCTG 5640 

CCCATTCGAC CACCAAGCGA AACATCOCAT CGAGCGAGCA COTACTCGGA TOOAAOCCOG 5700 

TCTTGTCOAT CAGGATOATC TGGACGAAOA OCATCAGGOG CTCGCOCCAO CCGAACTGTT 5760 

COCCAOOCTC AAGGCGCGCA TOCCCOACOG CGAOOATCTC OTCOTOACCC ATGOCOATOC 5820 

CTGCTTGCCO AATATCATOG TGGAAAATGG CCGCTTTTCT OGATTCATCG ACTOTGGCCG 5880 

GCTGGOTOTO GCOGACCOCT ATCAOGACAT ACCGTTOGCT ACCCGTOATA TTOCTGAAOA 5940 

OCTTGGCGGC OAATGOGCTG ACCGCTTCCT COTGCTTTAC OOTATCGCCO CTTCCCOATT 6000 

CGCAGCGCAT CGCCTTCTAT CGCCTTCTTO ACGAGTTCTT CTGAOCGOGA CTCTGGGGTT 6060 

COAAATGACC GACCAAGCCA CGCCCAACCT GCCATCACOA GATTTCOATT CCACCOCCGC 6 120 

CTTCTATGAA AGGTTOGGCT TCGGAATCGT TTTCCGGGAC OCCOOCTGGA TOATCCTCCA 6X80 

GCGCOOOGAT CTCATGCTOG AOTTCTTCGC CCACCCCAAC TTGTTTATTG CAGCTTATAA 6240 

TGGTTACAAA TAAAGCAATA GCATCACAAA TTTCACAAAT AAAGCATTTT TTTCACTOCA 6300 

TTCTAGTTGT OOTTTGTCCA AACTCATCAA TCTATCTTAT CATOTCTOOA TCOCOOCCOC 6360 

OATCCCOTCO AGAGCTTOOC GTAATCATOO TCATAQCTOT TTCCTGTOTO AAATTGTTAT 6420 

CCGCTCACAA TTCCACACAA CATACOAGCC OGAAGCATAA AGTGTAAAOC CTGOGGTOCC 6480 

TAATOAOTOA OCTAACTCAC ATTAATTGCO TTGCGCTCAC TOCCCOCTTT CCAGTCGGGA 6540 

AACCTGTCOT OCCAOCTOCA TTAATGAATC GOCCAACGCO CGGGGAGAGG COGTTTGCOT 6600 

ATTGGOCOCT CTTCCOCTTC CTCOCTCACT OACTCOCTGC GCTCGGTCOT TCGOCTGCGG 6660 

COAGCGOTAT CAOCTCACTC AAAGGCOGTA ATACGGTTAT CCACAGAATC AGGOGATAAC 6720 

GCAGOAAAOA ACATGTGAOC AAAAOGCCAG CAAAAOGCCA GOAACCOTAA AAAOOCCOCO 6780 

TTOCTOOCGT TTTTCCATAG GCTCCOCCCC CCTOACGAGC ATCACAAAAA TCOACOCTCA 6840 

AOTCAGAGGT OOCOAAACCC GACAGGACTA TAAAGATACC AGGCGTTTCC CCCTOGAAGC 6900 

TCCCTCGTGC GCTCTCCTOT TCCOACCCTO CCGCTTACCO OATACCTOTC COCCTTTCTC 6960 

CCTTCGGGAA GCGTOGCGCT TTCTCAATOC TCACOCTOTA GOTATCTCAG TTCGGTOTAG 7020 

GTCGTTCOCT CCAAGCTOOG CTOTOTGCAC OAACCCCCCG TTCAOCCCOA CCOCTOCOCC 7080 

TTATCCOGTA ACTATCGTCT TGAGTCCAAC CCGGTAAOAC ACOACTTATC OCCACTGOCA 7 140 

OCAGCCACTG GTAACAOGAT TAGCAOAGCO AOOTATOTAO OCOOTOCTAC AOAGTTCTTG 7200 

AAGTGGTGGC CTAACTACGO CTACACTAOA AGGACAGTAT TTOOTATCTO COCTCTOCTG 7260 
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AAOCCAOTTA CCTTCGOAAA AAOAOTTOOT AOCTCTTOAT CCOGCAAACA AACCACCGCT 7320 

GOTAOCGOTO OTTTTTTTOT TTGCAAGCAO CAOATTACGC OCAOAAAAAA AGGATCTCAA 7380 

OAAGATCCTT TGATCTTTTC TACOGGGTCT OACGCTCAOT GGAACGAAAA CTCACGTTAA 7440 

OOGATTTTOO TCATGAGATT ATCAAAAAOO ATCTTCACCT AGATCCTTTT AAATTAAAAA 7500 

TOAAOTTTTA AATCAATCTA AAOTATATAT GAGTAAACTT OOTCTGACAG TTACCAATGC 7560 

TTAATCAOTG AOOCACCTAT CTCAOCGATC TGTCTATTTC OTTCATCCAT AGTTGCCTGA 7620 

CTCCCCOTCO TOTAOATAAC TACGATACOO OAOGGCTTAC CATCTOOCCC CAOTOCTOCA 7680 

ATOATACCOC GAGACCCACG CTCACCOOCT CCAGATTTAT CAGCAATAAA CCAGCCAOCC 7740 

GOAAOOGCCO AGCOCAGAAO TGOTCCTGCA ACTTTATCCO CCTCCATCCA OTCTATTAAT 7800 

TGTTGCCOGG AAGCTAGAGT AAOTAOTTCG CCAGTTAATA OTTTCCOCAA CGTTOTTGCC 7860 

ATTOCTACAO GCATCGTOGT GTCACGCTCO TCOTTTOOTA TGOCTTCATT CAOCTCCOOT 7920 

TCCCAACOAT CAAGGCGAGT TACATGATCC CCCATGTTOT OCAAAAAAGC OOTTAOCTCC 7980 

TTCGOTCCTC COATCOTTOT CAGAAOTAAG TTOOCCOCAO TGTTATCACT CATOGTTATO 8040 

GCAOCACTOC ATAATTCTCT TACTGTCATO CCATCCOTAA OATOCTTTTC TGTOCATOGT 8100 

GAOTACTCAA CCAAOTCATT CTOAGAATAO TOTATOCOOC OACCOAGTTO CTCTTGCCCO 8160 

OCGTCAATAC OGOATAATAC COCOCCACAT AOCAOAACTT TAAAAGTGCT CATCATTGGA 8220 

AAACGTTCTT CGGGOCGAAA ACTCTCAAOO ATCTTACCGC TGTTOAOATC CAOTTCGATO 8280 

TAACCCACTC OTOCACCCAA CTOATCTTCA OCATCTTTTA CTTTCACCAG COTTTCTOOG 8340 

TGAOCAAAAA CAOGAAOGCA AAATOCCOCA AAAAAGGGAA TAAOOOCGAC ACOOAAATOT 8400 

TOAATACTCA TACTCTTCCT TTTTCAATAT TATTOAAGCA TTTATCAGGG TTATTGTCTC 8460 

ATOAOCGOAT ACATATTTGA ATOTATTTAG AAAAATAAAC AAATAOGGOT TCCGCOCACA 8520 

TTTCCCCGAA AAGTOCCACC T 



8 5 4 1 



< 2 ) INPORMAHON FOR SEQ ID NCh2: 

( i } SEQUE^fCe CHARACTERISUCS: 

( A ) LENOnH: 9209 bttse pMi 
( B ) TYPE: mckk add 
< C ) sntANDEDNESS: single 
(D)TCffOLOGY:drciilaf 

( i i )MOLEaJlJETYra:DNA(gei»aac) 

< i i i ) HYPOIHFnCAL: NO 

( i r ) ANIVSEKSE: NO 

( » i i i ) POSmON IN GENOME: 

( A )CHROMOSOME'SEOMENr«oti-CD20iiiTCAE8 

( X i ) SEQUENCE DESCRIPIION: SBQIDN02: 

GACOTCOCOO CCOCTCTAGO CCTCCAAAAA AGCCTCCTCA CTACTTCTOG AATAGCTCAG 60 

AGOCCGAGOC GGCCTCGGCC TCTGCATAAA TAAAAAAAAT TAOTCAOCCA TOCATOOOOC 120 

GGAGAATOOG COOAACTGGO CGOAOTTAGO OOCOOGATGO GCOOAGTTAO OGOCOOGACT 180 

ATOOTTOCTO ACTAATTOAG ATGCATGCTT TGCATACTTC TGCCTGCTOO OOAOCCTOOO 240 

GACTTTCCAC ACCTOOTTOC TGACTAATTO AOATGCATOC TTTOCATACT TCTGCCTGCT 300 

OOOOAOCCTO OOGACTTTCC ACACCCTAAC TGACACACAT TCCACAGAAT TAATTCCCCT 360 

AGTTATTAAT AOTAATCAAT TACOGGOTCA TTAGTTCATA GCCCATATAT OGAOTTCCGC 420 

GTTACATAAC TTACGOTAAA TOOCCCOCCT OOCTOACCGC CCAACOACCC CCGCCCATTO 480 
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ACOTCAATAA TGACOTATGT TCCCATAOTA ACOCCAATAO OGACTTTCCA TTOACGTCAA 5*0 

TOOOTOOACT ATTTACOOTA AACTGCCCAC TTOOCAOTAC ATCAAGTOTA TCATATGCCA 600 

AGTACGCCCC CTATTGACGT CAATGACOOT AAATOOCCCO CCTOGCATTA TOCCCAGTAC 660 

ATOACCTTAT GGGACTTTCC TACTTGOCAO TACATCTACG TATTAOTCAT CGCTATTACC 720 

ATOOTOATOC GGTTTTGGCA OTACATCAAT OOOCOTOGAT AOCOOTTTOA CTCACGOGOA 780 

TTTCCAAOTC TCCACCCCAT TGACGTCAAT OOGAGTTTOT TTTOOCACCA AAATCAACGO 840 

GACTTTCCAA AATOTCOTAA CAACTCCOCC CCATTOACOC AAATGGGCOO TAOOCGTOTA 900 

COGTOGGAOG TCTATATAAG CAGAOCTGGG TACGTOAACC GTCAGATCGC CTGOAGACOC 960 

CATCACAGAT CTCTCACTAT GGATTTTCAO OTGCAGATTA TCAOCTTCCT OCTAATCAGT 1020 

GCTTCAGTCA TAATGTCCAO AOOACAAATT OTTCTCTCCC AOTCTCCAOC AATCCTGTCT 1080 

OCATCTCCAG GGGAGAAOOT CACAATOACT TOCAOOOCCA OCTGAAGTGT AAOTTACATC 1140 

CACTGGTTCC AGCAOAAOCC AGGATCCTCC CCCAAACCCT OOATTTATOC CACATCCAAC 1200 

CTGOCTTCTG OAGTCCCTOT TCGCTTCAGT GGCAGTOGOT CTOOGACTTC TTACTCTCTC 1260 

ACCATCAOCA OAGTGOAGOC TGAAOATGCT OCCACTTATT ACTOCCAOCA GTOGACTAGT 1320 

AACCCACCCA CGTTCGGAGG GGGGACCAAG CTOOAAATCA AACOTACOOT GOCTGCACCA 1380 

TCTGTCTTCA TCTTCCCGCC ATCTGATGAO CAOTTOAAAT CTOGAACTOC CTCTGTTOTO 1440 

TCCCTGCTOA ATAACTTCTA TCCCAGAOAG OCCAAAOTAC AGTGGAAOOT GOATAACGCC 1500 

CTCCAATCGG OTAACTCCCA GGAGAGTGTC ACAOAOCAOO ACAGCAAGGA CAOCACCTAC 1560 

AOCCTCAGCA OCACCCTOAC GCTGAGCAAA GCAOACTACG AGAAACACAA AOTCTACGCC 1620 

TOCOAAGTCA CCCATCAGGG CCTGAGCTCG CCCOTCACAA AOAOCTTCAA CAGOGGAGAG 1680 

TGTTGAATTC AGATCCGTTA ACGOTTACCA ACTACCTAGA CTGGATTCOT GACAACATGC 1740 

GGCCGTOATA TCTACGTATO ATCAGCCTCO ACTGTOCCTT CTAGTTOCCA GCCATCTOTT 1800 

GTTTOCCCCT CCCCCGTGCC TTCCTTGACC CTOGAAGOTG CCACTCCCAC TGTCCTTTCC 1860 

TAATAAAATG AGOAAATTGC ATCGCATTGT CTOAGTAGOT OTCATTCTAT TCTGOOOGOT 1920 

OOOGTGGOGC AOOACAOCAA GGGGGAGGAT TGOGAAGACA ATAGCAGGCA TGCTGOGGAT 1980 

OCOOTGOOCT CTATOGAACC AOCTGGGOCT CGACAOCTAT OCCAAOTACG CCCCCTATTG 2040 

ACOTCAATGA CGOTAAATOG CCCGCCTOOC ATTATOCCCA GTACATGACC TTATGGGACT 2 100 

TTCCTACTTG OCAGTACATC TACGTATTAO TCATCOCTAT TACCATOGTO ATGCGGTTTT 2160 

GGCAGTACAT CAATOOOCGT GGATAOCGGT TTGACTCACG OOOATTTCCA AGTCTCCACC 2220 

CCATTOACGT CAATGOGAGT TTGTTTTOGC ACCAAAATCA ACGOOACTTT CCAAAATGTC 2280 

GTAACAACTC CGCCCCATTO ACCCAAATGG GCOOTAOGCG TOTACGGTGG GAGGTCTATA 2340 

TAAOCAGAGC TGOOTACOTC CTCACATTCA OTOATCAGCA CTOAACACAO ACCCGTCGAC 2400 

ATGGGTTGGA OCCTCATCTT GCTCTTCCTT OTCGCTGTTO CTACGCGTGT CCTGTCCCAO 2460 

GTACAACTGC AOCAOCCTOO GOCTOAOCTG OTGAAOCCTO OGOCCTCAOT OAAGATQTCC 2520 

TOCAAGGCTT CTGGCTACAC ATTTACCAOT TACAATATGC ACTGGGTAAA ACAGACACCT 2580 

GGTCOOOOCC TGGAATGGAT TGGAGCTATT TATCCCGOAA ATOOTOATAC TTCCTACAAT 2640 

CAOAAGTTCA AAGGCAAOOC CACATTGACT GCAGACAAAT CCTCCAOCAC AOCCTACATO 2700 

CAOCTCAGCA OCCTGACATC TOAOGACTCT OCOOTCTATT ACTOTGCAAG ATCOACTTAC 2760 

TACOGCGGTG ACTGGTACTT CAATaXCTOO GGCGCAOGOA CCACOOTCAC COTCTCTOCA 2820 

GCTAOCACCA AOOOCCCATC GGTCTTCCCC CTOOCACCCT CCTCCAAGAG CACCTCTOOO 2880 
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OGCAC AOCOO 


CCCTOOGCTG 


CCTGOTCAAO 


OACT ACTTCC 


CCOAACCGGT 


OACOGTGTCG 


2 9 4 0 


TOOAACTCAG 


OCGCCCTOAC 


CAOCGOCOTO 


CAC ACCTTCC 


COOCTG TCCT 


ACAOTCCTCA 


3 0 0 0 


QOACTCTACT 


CCCTCAGCAG 


CGTOGTGACC 


OTOCCCTCC A 


OC AOCTTGGO 


C ACCC AOACC 


3 0 6 0 


TACAT CTOC A 


ACOTG AATC A 


C AAGCCCAOC 


AACACCAAGG 


TOG ACAAOAA 


AGC AGAGCCC 


3 12 0 


AAATCTTOTO 


AC AAA ACTC A 


C ACATGCCCA 


CCOTOCCC AG 


C ACC TO AACT 


CCTGOOGOGA 


3 I S 0 


CCGTCAOTCT 


TCC TC TTCCC 


CCCAAA ACCC 


AAOGACACCC 


TCATG AT CTC 


CCOGACCCCT 


3 2 4 0 


GAOOTC ACAT 


OCOTGOTGGT 


GO ACGTGAOC 


C ACO AAOACC 


CTO AGGTC AA 


GTTC AACTOO 


3 3 0 0 


T ACOTOOACO 


OCOTGGAOOT 


OC AT AATGCC 


AAG ACAAAOC 


CGCOGO AGG A 


GCAGTAC AAC 


3 3 6 0 


AOCACOT ACC 


OTGTGOTCAO 


COTCCTC ACC 


OTCC TGCACC 


AOOACTOOCT 


OAATOOC AAG 


3 4 3 0 


OAGTACAAGT 


OC AAOOTCTC 


C AAC AAAOCC 


CTCCCAOCCC 


CC ATCGAGAA 


AACCATCTCC 


3 4 8 0 


AAAOCC AAAO 


GGC AOCCCCG 


AO AACC ACAO 


GTGT AC ACCC 


TGCCCCCATC 


CCGGG ATGAG 


3 5 4 0 


CTO ACC AAOA 


ACC AOOTCAG 


CCTOACCTOC 


CTGOTC AAAO 


GC TTCTATCC 


CAOCGACATC 


3 6 0 0 


OCCOTOGAGT 


OOOAOAOC AA 


TOGGCAOCCG 


GAGAACAACT 


AC AAGACC AC 


GCCTCCCGTO 


3 6 6 0 


CTOOACTCCO 


ACGOCTCCTT 


CTTCCT CT AC 


AOCAAOCTC A 


ceo TOGACAA 


GAGCAGGTGG 


3 7 2 0 


C AOCAOGOGA 


ACGTCTTCTC 


ATGCTCCOTG 


ATOCATOAOG 


CTC TGCACAA 


CCACTACACO 


3 7 8 0 


CAG AAGAGCC 


TCTCCC TGTC 


TCCGOOT AAA 


TOAGGATCCO 


TT AACOOTTA 


CCAACTACCT 


3 8 4 0 


AGACTGOATT 


CGTGAC A AC A 


TOCOOCCOTO 


ATATCT ACOT 


ATOATCAGCC 


TCOACTOTOC 


3 9 0 0 


CTTCT AOT TO 


CC AOCC ATCT 


GTTOTTTOCC 


CCTCCCCCCT 


GCCT TCCTTO 


ACCCTOGAAG 


3 9 6 0 


OTGCC ACTCC 


C ACTOTCCTT 


TCCT AAT AAA 


ATOAGOAAAT 


TOC ATCGCAT 


TOTCTGAOTA 


4 0 2 0 


OOTCTCATTC 


T ATTCTGOOO 


GGTOGOGTGG 


GGC AOGACAG 


C AAGGOGOAO 


GATTOGO AAG 


4 0 8 0 


AC A AT AGC AO 


OC ATGCTOOO 


GATGCGOTGO 


OCTCTATOG A 


ACC AOCTGOO 


GCTCOACAGC 


4 14 0 


GCT GO ATCTC 


CCOATCCCCA 


OCTTTOCTTC 


TCAATTTCTT 


AT TTGC AT AA 


TOAOAAAAAA 


4 2 0 0 


AOOAAAATT A 


ATTTT AACAC 


CAATTCAOTA 


GTTGATTGAG 


C AAATGCOTT 


OCCAAAAAOO 


4 2 6 0 


ATGCTT T AG A 


OAC AGTOOTC 


TCTGCACAGA 


T AAGGACAAA 


C AT T ATTC AG 


AOOOAOT ACC 


4 3 2 0 


CAGAOCTG AO 


ACTCC TAAOC 


CAOTO AOTOG 


CAC AOCATTC 


T AGGGAOAAA 


TATOCTTOTC 


4 3 8 0 


ATCACCGAAO 


CC TOATTCCG 


T AGAOCCACA 


CCTTOOT AAO 


OGCC AATCTO 


CTCACAC AGO 


4 4 4 0 


AT AOAOAGOO 


C AOOAGCC AG 


OGC AO AOCAT 


AT AAOOTOAO 


OT AGO ATC AO 


TTOCTCCTCA 


4 5 0 0 


CATT TOCTTC 


TOAC AT AOTT 


OTOTTGGO AO 


CTTOGAT AGC 


TTGOAC AGC T 


CAOOOCTOCO 


4 S 6 0 


ATTTCGCOCC 


AAACTTOACG 


OC AATCCT AO 


CGTOAAOOCT 


OOT AOOATTT 


TATCCCCGCT 


4 6 2 0 


GCC A TC ATOO 


T TCGACCA TT 


OAAC TGCATC 


OT COCCOTOT 


CCC AAAATAT 


OGOGATTOGC 


46 8 0 


AAGA ACOGAO 


ACC T ACCC TO 


OCCTCCGCT C 


AGOAACO AOT 


TC AAOTACTT 


CCA AAGA ATG 


4 7 4 0 


ACCAC AACCT 


CTTC AOTOOA 


AOOTA AACAO 


AATCTGGTOA 


T T ATOOGTAO 


OAAA ACC TOO 


4 8 0 0 


TTCTCCATTC 


CTOAOAAOAA 


TCG ACCTTT A 


AAOGAC AOAA 


TT AATATAGT 


TCTCAGT AG A 


4 8 6 0 


oaactcaaao 


AACC ACC ACO 


AGGAOCTC AT 


TTT CTTOCC A 


A AAOTTTOG A 


TOATGCCTT A 


4 9 2 0 


AGACTT ATTG 


AAC AACCGGA 


ATTGGCAAOT 


AAAGTAOACA 


TOOT T TOOAT 


AGTCGGAOGC 


4 9 8 0 


aottctottt 


ACC AGO AAOC 


CATGAATCAA 


CCAOOCCACC 


TT AOACTCTT 


TOTOACA AGO 


5 0 4 0 


ATCATGCAOO 


AATTTG AAAO 


TOACACOTTT 


TTCCCAOAAA 


TTOAT TTOOG 


GAAAT ATAAA 


5 100 


CTT CTCCC AO 


A AT ACCC AGO 


COTCCTCTCT 


OAOGTCC AGO 


AGOAAAAAGO 


CATCAAOTAT 


5 16 0 


aaotttoaao 


TC TACOAGAA 


O AAAOAC TAA 


CAGGAAOATO 


CTTTC AAOTT 


CTCTGCTCCC 


5 2 2 0 


CTCCT AAAOC 


T ATOCATTTT 


T ATAAOACCA 


TOGGACTTTT 


OC TOGCTTTA 


OATCAOCCTC 


5 2 8 0 
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OACTGTOCCT TCTAOTTOCC AOCCATCTOT TOTTTOCCCC TCCCCCGTOC CTTCCTTGAC 5340 

CCTOGAAOOT OCCACTCCCA CTGTCCTTTC CTAATAAAAT GAGOAAATTG CATCGCATTG 5400 

TCTOAOTAOO TOTCATTCTA TTCTGOOGGG TGGGOTGGGG CAGGACAGCA AGOGOGAGOA 5460 

TTOOOAAGAC AATAOCAGGC ATOCTOOOOA TGCGGTGGOC TCTATGGAAC CAOCTGGOGC 5520 

TCGAOCTACT AGCTTTGCTT CTCAATTTCT TATTTGCATA ATGAGAAAAA AAGGAAAATT 5580 

AATTTTAACA CCAATTCAOT AGTTOATTOA OCAAATOCOT TGCCAAAAAG GATGCTTTAG 5640 

AGACAGTGTT CTCTGCACAG ATAAGOACAA CTAOOCAGAA ATATOCTTOT CATCACCGAA 5700 

OACTCCTAAG CCAOTOAOTO GCACAGCATT CTAGGGAGAA ATATOCTTGT CATCACCGAA 5760 

GCCTOATTCC OTAGAOCCAC ACCTTGOTAA OGOCCAATCT GCTCACACAG GATAGAGAGG 5820 

GCAOOAGCCA OOOCAOAOCA TATAAGGTGA GGTAGGATCA OTTGCTCCTC ACATTTGCTT 5»*0 

CTGACATAOT TOTGTTOGGA OCTTOOATCG ATCCTCTATG GTTGAACAAG ATGOATTOCA 5940 

COCAOGTTCT CCGGCCOCTT OGGTGGAGAG OCTATTCGGC TATOACTOGG CACAACAOAC 6000 

AATCGGCTOC TCTGATGCCO CCGTGTTCCG GCTOTCAGCG CAGGGOCGCC CGGTTCTTTT 6060 

TGTCAAOACC GACCTOTCCG GTGCCCTOAA TOAACTGCAG OACOAGOCAG CGCGGCTATC 6120 

GTGGCTGGCC ACGACGGGCG TTCCTTGCGC AGCTOTGCTC GACGTTGTCA CTOAAOCGOG 6)80 

AAGOGACTGG CTGCTATTGO GCGAAGTOCC GGGGCAOGAT CTCCTOTCAT CTCACCTTGC 6240 

TCCTOCCGAG AAAOTATCCA TCATOOCTGA TGCAATOCGG COGCTOCATA CGCTTGATCC 6300 

GOCTACCTGC CCATTCOACC ACCAAOCGAA ACATCGCATC GAOCGAOCAC GTACTCGOAT 6360 

GOAAOCCOOT CTTGTCGATC AOGATGATCT GGACOAAGAG CATCAGGOGC TCGCGCCAGC 6420 

COAACTGTTC GCCAGOCTCA AGGCGCOCAT OCCCGACGOC GAGOATCTCG TCGTGACCCA 6480 

TGGCGATGCC TGCTTGCCGA ATATCATGGT GGAAAATGGC CGCTTTTCTG OATTCATCGA 6540 

CTOTOOCCGG CTGOOTGTGO COGACCGCTA TCAGGACATA GCGTTGGCTA CCCGTGATAT 6600 

TOCTGAAGAG CTTOOCOOCG AATGOGCTGA CCGCTTCCTC GTGCTTTACG OTATCOCCOC 6660 

TCCCOATTCG CAGCOCATCG CCTTCTATCG CCTTCTTGAC GAGTTCTTCT OAGCGGGACT 6720 

CTGOGOTTCG AAATGACCGA CCAAOCGACO CCCAACCTGC CATCACGAOA TTTCGATTCC 6780 

ACCGCCOCCT TCTATGAAAG GTTGOOCTTC GOAATCGTTT TCCOGGACGC COGCTGGATG 6840 

ATCCTCCAGC GCGGGGATCT CATGCTOOAO TTCTTCGCCC ACCCCAACTT OTTTATTGCA 6900 

GCTTATAATO GTTACAAATA AAOCAATAGC ATCACAAATT TCACAAATAA AGCATTTTTT 6960 

TCACTGCATT CTAGTTGTGO TTTGTCCAAA CTCATCAATC TATCTTATCA TGTCTGGATC 7020 

OCGGCCGCOA TCCCOTCGAO AOCTTGGCOT AATCATOOTC ATAGCTGTTT CCTGTGTGAA 7080 

ATTGTTATCC GCTCACAATT CCACACAACA TACGAOCCGG AAGCATAAAG TOTAAAGCCT 7 140 

GGGGTGCCTA ATOAGTGAGC TAACTCACAT TAATTOCGTT GCGCTCACTO CCCGCTTTCC 7200 

AGTCOOOAAA CCTGTCOTGC CAOCTGCATT AATOAATCGG CCAACOCOCG GGGAGAGGCG 7260 

GTTTOCGTAT TOGOCGCTCT TCCGCTTCCT CGCTCACTGA CTCGCTGCGC TCGGTCGTTC 7320 

OGCTGCOOCO AOCOOTATCA GCTCACTCAA AOGCGOTAAT ACGGTTATCC ACAGAATCAG 7380 

GGGATAACGC AGGAAAGAAC ATGTGAGCAA AAGGCCAGCA AAAGGCCAGG AACCOTAAAA 7440 

AGOCCGCGTT OCTOOCGTTT TTCCATAOOC TCCGCCCCCC TGACGAGCAT CACAAAAATC 7500 

GACGCTCAAG TCAGAGGTGO CGAAACCCGA CAGGACTATA AAOATACCAO OCGTTTCCCC 7560 

CTGOAAGCTC CCTCGTGCGC TCTCCTOTTC CGACCCTOCC GCTTACCOGA TACCTGTCCG 7620 

CCTTTCTCCC TTCOGOAAOC OTOOCGCTTT CTCAATOCTC ACOCTGTAGG TATCTCAGTT 7680 
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COOTGT AOOT 


COTTCGCTCC 


AACCTOGOCT 


OTOTOCACGA 


ACCCCCCOTT 


CAGCCCOACC 


7 7 4 0 


OCTGCOCCTT 


ATCCGOTAAC 


TATCGTCTTG 


AOTCCAACCC 


GGTAAOACAC 


OACTT ATCGC 


7 8 0 0 


CACTGOC AGC 


AGCC ACTOGT 


AACAGGATT A 


GCAGAGCGAG 


OT ATGT AGGC 


GGTGCTAC AG 


7 8 6 0 


AOTTCTTO AA 


GTOOTGOCCT 


AACTACGOCT 


AC ACT AG A AG 


GAC AGTATTT 


OOTATC TOCO 


7 9 2 0 


CTCTOCTO AA 


OCC AGTT ACC 


TTCGGAAAAA 


OAGT TGGT AO 


CTCTTGATCC 


GGCA AACAAA 


7 9 8 0 


CCACCGCTOO 


T AOCGGTGOT 


TTTTTTGTTT 


GC AAGC AGC A 


O ATT ACOCOC 


AG AAA AA AAG 


ft 0 4 0 


GATCT CAAOA 


AGATCC T TTO 


ATCTTTTCT A 


CGGGGTCTGA 


CGC TCAGTOG 


AACG AA A ACT 


ft 1 0 0 


CACOT TAAOG 


GATTTTGGTC 


ATG AG ATTAT 


C A A A AAGOAT 


CTTCACCTAG 


ATCC T TTT A A 


8 16 0 


ATT AA AAATO 


A AOTTT T A AA 


TCAATCTAAA 


GT AT AT ATGA 


GT AA AC TTGG 


TC TGACAGTT 


8 2 2 0 


ACCAATGCTT 


AATC AGTOAO 


GC ACCTATCT 


CAGCGATCTG 


TCTATTTCOT 


TCAT CC AT AG 


8 3 8 0 


TTGCCTOACT 


CCCCGTCOTO 


TAOAT AACTA 


CO AT AC GGG A 


OGGCTTACCA 


TCTGGCCCC A 


8 3 4 0 


OTOCTOC AAT 


OAT ACCOCGA 


OACCC ACGCT 


CACCGGCTCC 


AGAT TTATCA 


OCAATAAACC 


8 4 0 0 


AOCCAGCCOO 


AAOOOCCGAO 


CGCAOAAGTO 


GTCCTGCAAC 


TTTATCCOCC 


TCC ATCCAGT 


ft 4 6 0 


CTATTAATTO 


T TOCCGGGAA 


GCTAOAGTAA 


GT AGTTCGCC 


AGTTAAT AGT 


TTOCGCA ACG 


8 5 2 0 


TTGTTOCCAT 


TGCT AC AGGC 


ATCGTOGTOT 


CACGCTCGTC 


GTTTGGTATG 


GCTTCATTC A 


ft 5 8 0 


OCTCCOGTTC 


CCAACGATCA 


AOGCGAOTT A 


C ATGATCCCC 


CATOTTOTOC 


AAAA AAOCGG 


8 6 4 0 


TTAGCTCCTT 


CGGTCCTCCG 


ATCGTTOTCA 


GAAOTAAGTT 


OGCCGCAOTO 


TTATCACTCA 


ft 7 0 0 


TOOTTATGGC 


AGCACTOC AT 


AATTCTCTTA 


CTOTCATGCC 


ATCCGTAAGA 


TGCTTTTCTG 


8 7 6 0 


TGACTOGTOA 


GT ACTC A ACC 


AAGTCATT CT 


GAOAATAGTG 


T ATOCGGCGA 


CCGAGTTGCT 


8 8 20 


CTTOCCCOGC 


GTC AATACGO 


G ATAATACCO 


CGCCAC ATAG 


C AOAACT TTA 


AAAGTOCTCA 


8 8 8 0 


TCATTGGAAA 


ACGTTCTTCG 


GGGCOAAA AC 


TCTCAAGOAT 


CTTACCOCTG 


TTGAGATCCA 


8 9 40 


GOTCGATGT A 


ACCCACTCGT 


GCACCCAACT 


OATCTTCAOC 


ATCTTTT ACT 


TTCACCAOCG 


9 0 0 0 


TTTCTGOGTG 


AGCA AAAACA 


GO AAOGCAAA 


ATGCCOCAAA 


AAAGOGA AT A 


AGGGCGACAC 


9 0 6 0 


OGAAATOT TG 


A AT AC TC AT A 


CTCTTCCTTT 


TTCAATATTA 


T TGAAOC ATT 


TATCAGGGTT 


9 12 0 


ATTGTCTCAT 


OAGCGGAT AC 


ATATTTGAAT 


GT ATTT AGAA 


AAAT AA AC AA 


ATAOOGGT TC 


9 18 0 


COCGCACATT 


TCCCCGA AAA 


GTGCCACCT 








9 2 0 9 



( 2 )INP0RMAnONP0RSEQlDMO^: 

( i ) SEQUENCE CHARACIQUSnCS: 
( A )LENGIH: 3S4hueFBn 
( B ) TYPE: mcleic arad 
( C ) STRANDBDNESS: Not Rdevvt 
( D ) TOFOLOGY: Not Rcfevaat 

( i i > MOLBCULB TYPE: pcfbdc 

( V i i i ) POSITION IN GENOME: 

( A } aJROMOSOMEfSEOMESl: mnoe wuUe le^on bsi* 

( i X ) FEATURE: 

< A ) NAME/KEY: CDS 

< B ) LOCXnON: 1-3*4 

( i X )FEArURE: 

( A ) NAME/KEY: maC-p(¥bde 
( B ) LOCXnON: 67. J84 

( X i ) SEQUENCE DESCRIFnONiSBQ ID N03: 

ATG GAT TTT CAO GTG CAG ATT ATC AGO TTC CTO CTA ATC AGT OCT TCA 
Met Atp P 1) « Ola V«l GIb lie lie Scr Pbe Leu Len lie Ser Al« Ser 
.22 .20 -15 -10 
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OTC ATA ATO 

V a 1 lie Met 

- 5 

CTO TCT GCA 

Leu Ser Ala 



TCA ACT OTA 
S « r Ser V a 1 



CCC AAA CCC 

Pro Lyi Pro 
4 S 

OTT COC TTC 

Val Arg Phe 
6 0 

AOC AOA OTO 

Ser Arg Val 
7 5 

ACT AOT AAC 

Tbr 5cr Ato 



TCC AGA OOA 
Ser Arg Gly 



TCT CCA OGG 

Ser Pro Gly 
1 5 

ACT TAC ATC 

Ser T y r lie 
3 0 

TOG ATT TAT 

T r p lie T y r 



AOT OGC AOT 
Ser Oly Ser 



OAO OCT OAA 
Ola Ala Q 1 Q 
S 0 

CCA CCC ACO 
Pro Pro Thr 
9 5 



CAA ATT OTT 

Gin Me Va ] 
1 

GAG AAO OTC 

G I u L y » Val 



CAC TOG TTC 

His T r p P h c 

3 5 

OCC ACA TCC 

Ala Thr Ser 

5 D 

GOG TCT OOO 

Gly Ser Gly 
6 3 

OAT OCT OCC 

Asp Ala Ala 



TTC OOA OGG 
P fa e Gly Oly 



CTC TCC CAG 

Leu Ser Glit 
5 

ACA ATO ACT 

Tbr Met Tbr 

2 0 

CAG CAG AAO 

G 1 o O 1 o L y s 



AAC CTG OCT 
Aid Lev Ala 



ACT TCT TAC 

Tbr Sec Tyr 
7 0 

ACT TAT TAC 

Thr Tyr Tyr 
8 5 

000 ACC AAG 
Oly Thr L y » 

1 0 0 



TCT CCA OCA 
Ser Pro Ala 



TGC AGO OCC 

Cys Arg Ala 
2 5 

CCA OOA TCC 

Pro Gly Ser 
4 0 

TCT OOA OTC 

Ser Gly Val 

5 5 

TCT CTC ACC 

Ser Leo Tfar 



TGC CAG CAG 
Cys Gin Oln 



CTG OAA ATC 
Leu G 1 u lie 
1 0 5 



ATC 9 6 

I 1 e 
1 0 

AGC 1 4 4 

S e r 



TCC 19 2 

Ser 



CCT 2 4 0 

Pro 



ATC 2 8 6 

1 1 e 



TOO 3 3 6 

T r p 
9 0 

AAA 3 S 4 

Ly ( 



( 2 ) INPORMAITON FOR SEQ ID N04: 

( t ) SEQUENCE CHARACTERISnCS: 

( A ) LENOIH: t2Saiui» wids 
( B ) TYPE: amwi ackl 
( D ) TOPOLOGY: Unear 

( i i ) MOLECULE TYPE: proceia 

(Hi) SEQUENCE CCSCRIPTION: SEQ m NO:4: 

Mot Alp Pbe Ola Val Gta lie lie Ser Phe Leo Leu lie Ser Ala Ser 

-22 -20 .15 -10 

Val lie Mc( Ser Arg Gly Gla lie Val Leu Ser Ola Ser Pro Ala lie 

- 5 1 5 10 

Leo Ser Ala Ser Pro Gly CIo Lys Val Tbr Met Tbr Cys Arg Ala Ser 

15 2 0 2 5 

Ser Ser V«l Ser Tyr lie Bis Trp Phe Ola Ola Lys Pro Oly Ser Ser 
3 0 3 5 4 0 

Pro Lyi Pro Trp lie Tyr Ala Thr Ser Asn Leo Ala Ser Oly Val Pro 
4 5 5 0 5 5 

Val Arg Pbe Ser Oly Ser Oly Ser Gly Thr Ser Tyr Ser Leu Tbr lie 
6 0 6 5 7 0 

Ser Arg Val Clu Ala Glu Asp Ala Ala Tbr Tyr Tyr Cys Ola Gla Trp 
75 80 85 90 

Tfar Sei Asa Pro Pro Tbr Pbe Gly Gly Oly Tfar Lys Leu Olu lie Lys 



( 2 >INP0RMAnONP0RSGQJDNa-J: 

( i ) SEQUENCE CHARACTERISmCS: 
( A )LENGra:«ZOhaiepaks 

< B ) TYPE: ouckic «al 

< C ) STRAHDEDNESS: Not Relerad 
( D ) TOPCHjOGY: Not Relevant 

( i i > MOLECULE TYPE: pqi6de 

( V I i i > POSITION IN GENOME: 

( A )CHROMOGOME/SEC»4B^:fiimnevaTi^ region beavycbain 



( i X > FEATURE: 
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< A ) NAMEnCEY: CDS 
( B ) LOCAnON: 1^20 

( i X )FEAnJRE: 

( A ) NAME/KEY: nut_4)q)dile 
( B ) LOCXnON: 58.v430 

( X i ) SEQUENCE DESCRIPTION: SBQ ID NO-J: 

ATG OCT TOO AOC CTC ATC TTO CTC TTC CTT OTC OCT GTT OCT ACQ COT 
Met Oly Trp Ser Leu lie Lou Leu Phe Loo Val AI» Val Ala Tbr Acg 
.19 - 1 5 - > 0 * * 

CTC CTG TCC CAG OTA CAA CTO CAO CAO CCT GOO OCT OAG CTC OTO AAG 
V»l Leu Ser Olo Val Ola Lou Oln Oln Pro Oly Ala Olu Leu Val Lyi 
I 3 10 

OCT OOO OCC TCA GTO AAO ATG TCC TOC AAG OCT TCT OOC TAC ACA TTT 
Ala Oly Ala Sei Val Lyi Mot Ser Cy» Ly« Ala Ser Oly Tyr Tbr Pbe 
15 20 2 5 

ACC AOT TAC AAT ATG CAC TOO OTA AAA CAG ACA CCT GOT COO GGC CTG 
ThT Ser Tyr Aid Met Hit Trp Val Ly> Oln Thr Pro Oly Aig Oly Leo 
3 0 3 5 40 45 

OAA TOG ATT OOA OCT ATT TAT CCC OOA AAT GOT GAT ACT TCC TAC AAT 
Olo Trp lie Gly Ala lie Tyt Pro Oly Aio Oly A*p Thr Ser Tyr Asa 
5 0 5 5 6 0 

CAG AAG TTC AAA OOC AAO GCC ACA TTG ACT OCA GAC AAA TCC TCC AOC 
Olo Lyi Phe Lyi Gly Ly» Ala Thi Leu Thr Ala A»p Ly» Sbt Sor Ser 
65 70 7 5 

ACA GCC TAC ATO CAO CTC AOC AOC CTO ACA TCT OAG GAC TCT OCG OTC 
Thr Ala Tyr Mel Ola Leo Ser Sei Leu Tbr Ser Olu Aip Scr Ala Val 
» 0 » 5 9 0 

TAT TAC TOT OCA AOA TCG ACT TAC TAC GGC GOT GAC TOO TAC TTC AAT 
Tyr Tyr Cy» Ala Arg Sei Tbi Tyr Tyr Oly Gly Aip Trp Tyr Phe Aso 
9 5 too 105 

OTC TOG GGC OCA OOO ACC ACO OTC ACC OTC TCT OCA 
Val Trp Gly Ala Gly Thi Thr Val Tbr Val Ser Ala 
110 115 12 0 

( 2 ) INPORMAnOK FOR SBQ ID NOtf : 

( i ) SEQUENCE CHARACreWSUCS: 

( A ) LENGTH: 140 amino acida 
( B ) TYPE: amtno acid 
(D)TOPOLOOY: linear 

( i i )K(Ol£CULETYPE:procrin 

(X i ) SEQUENCE DESCRIPTION: SBQ CD N036: 

Met Oly Trp Ser Leo lie Loo Leu Phe Leo Val Ala Val Ala Tbr Arg 
.19 - I 3 - » 0 - 5 

Val Loo Ser Ola Val Ola Leu Oln Ola Pro Oly Ala GIu Lou Val Ly» 
I 5 10 

Ala Gly Ala Set Val Lyt Met Ser Cyi Ly» Ala Ser Gly Tyi Thr Phe 
15 20 25 

Thr Sor Tyr A«a M%t Hi. Trp Val Ly« Ola Tbr Pro Gly Arg Oly Leo 
3 0 3 5 40 4 5 

Olo Trp lie Oly Ala lie Tyr Pro Oly A>n Gly A»p Tbr Ser Tyr A»o 
5 0 5 5 6 0 

Ola Ly» Phe Ly» Oly Ly« Ala Thr Leu Tbr Ala A«p Lyt Ser Ser Ser 

<S5 70 75 

Tht Ala Tyr Mel Oln Leo Sor Scr Leu Tbr Sex Oto A»p Scr Ala Val 
8 0 » 5 90 

Tyr Tyr Cy» Ala Arg Sor Tbr Tyi Tyr Gly Oly A»p Trp Tyr Pbe A»n 



5,776,456 
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Va I Trp Gly Ala Oly Thr Tbr Val Thr Val Scr Al 
110 115 12 0 



( 2 ) [NP0RMA11CX4 FOR SBQ ID NO:7: 

( i ) SEQUENCE CHARACTERISnCS: 
( A ) LENCTra: Z7 base pain 
( B ) TYPE: fludac aod 
( C ) Sn(AND£DNESS: ciftgk 
( D ) TOPOLOGY: hour 

( i i > NfOLECULE TYP£: DMA (gauoDc) 

( X i ) SEQUENCE C£SCRIPnON: SEQ ID NO:7: 



( 2 ) INPORMAnON FOSL SEQ ID HO.^ 

( i ) SEQUENCE CHARACTSUSnCS: 
( A > LENGTH: 47 base pain 
( B ) TYPE: aocldc add 
( C ) 5IRANDEDNESS: single 
( D ) TOPOLOGY: Uaur 

r i i ) MOLECULE TYPE: I»4A (geooobc) 

( i V ) ANTI-SENSE; NO 

( z t > SEQUENCE DESCRIPTION: SBQ ID NO:8: 
ATCACAGATC TCTCACCATO GATTTTCAGG TGCAOATTAT CAOCTTC 



( 2 ) INPORMAnC»l FOR SBQ ID NO:9: 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 30 bue pain 
( B ) TYPE: flDckac acid 
C C ) SntANI^DNESS: tingle 
( D ) TOPOUXjY: linear 

( i i ) MOLECULE TYPE: DNA (geaoimc) 

( i V ) ANn-^ENSE: YES 

( X i ) SEQUENCE DESCRIFTIQN: SEQ ID NO:»: 



( 2 ) tNPORMAnON FOR SEQ [D NaiO: 

( i ) SEQUENCE CHARACTERISnCS: 
( A ) LENGTH: 27 tttM pain 
( B ) TYPE: EDcleic add 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: linear 

( i i } MOLECULE TYPE: DNA (geaoanc) 

( i V ) ANn-SENSE: NO 

( z t ) SEQUENCE DESCRIPTION: SEQ ID NO:10: 
OCCOCTCCCA COCGTOTCCT OTCCCAO 27 



( 2 )INP0RMAnONFORSEQIDNO:U: 

( i ) SEQUENCE CHARACTERISTtCS: 
( A ) LENGTH: 29 fasse pain 
( B ) TYPE: lucldc asd 
( C ) SIRANDEDNESS: lingk 
( D ) TOPOLOGY: lines 



( i i ) MOLECULE TYPE: DNA (gcDOouc) 
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( i V ) ANn-SENSE: YES 

( z I ) SEQUENCE DeSCRIFnON:SeQ ID NOai: 
GOSTGTTOTO CTAOCTOMRO AGACROTGA 



What is cUimed Is: 

1. A method for treatmeDt of B cell lymphoma comprising 
the step of administering a therapeuticalty effective amount 
of Immunologically active chimeric anti-CD20 antibody to 
a human, said antibody being derived from a transfectoma 
comprising anti-CD20 in TCAE 8, ATCC deposit number 
69119. 

2. The method of claim 1 wherein the amount of said 
antibody administered to said human is between about 0.001 
to about 30 milligrams of antibody per Idlogram body 
weight of said human ("mg/kg**). 

3. The method of claim 1 further conqsrising the step of 
administering a second therapeutically effective amount of 
said chimeric anti-CD20 antibody to said human. 

4. The method of daim 3 wherein said additional admin- 
istration of said antibody to said human occurs within about 
seven days of said first administration of said antibody to 
said human. 

5. A method for the treatment of B cell lymphoma 
co^^>rising the stq)s of: 

1) administering, at a first administration period, an 
inumjnologically active chimeric anti-CD20 antibody 
to a human, wherein said chiooeric anti-CD20 antibody 
is derived from a transfectoma con^sing anti-CD20 
in TCAE S as deposited with the American T^pe 
Culture Collection as ATCC deposit number 69119; 
and, 

2) administering, at a second administration period, a 
radiolabeled anti-CD20 antibody to said human. 

6. The method of claim 5 wherein said radiolabeled 
anti-CD20 antibody com5)riscs a monoclonal antibody 
secreted from a hybridoma identified by American Type 
Culture Collection deposit number HE 113&8. 

7. A method for the treatment of B cell lymphoma 
comprising the steps of: 



10 1) administering to a hunoan having B cell lynophoma. at 
a first administratioD period, a first therapeutically 
effective amount of inmuinologicaUy active chimeric 
anti-CD20 antibody produced by a transfectoma com- 
prising anti-CD20 In TCAE8, ATCC deposit number 

15 69119; 

2) administering at a second subsequent administration 
period, a second therapeutically effective amount of 
said antibody; and 

20 3) administering, at a third subsequent administration 
period, a tfiird therapeutically effective amount of said 
antibody. 

8. The method of claim 7. wherein said first second and 
third therapeutically effective amount of said antibody is 

25 between 0.001 mg^ to about 30 mg/kg. 

9. The method of claim 7. wherein said second adminis- 
tration period is within about seven days of said first 
administration period. 

10. The method of daim 7, wherein said ttiird adminis- 
^ tration period Is within about fourteen days of said first 

administration period. 

11. The method of claim 1. which further indudes the 
administration of at least one diemother^utic agent 

12. The method of daim 11, wherein the chemothera^xai- 
tic agent is administered after the administration of said 
immunologically active chimeric anti-CD20 antibody. 

13. The method oi daim 11, wherein the chemotheraqxsu- 
tic agent is administered prior to the administration of said 
Inmiunologically active chimeric aDtI-CD20 antibody. 

^ 14. The method of daim 11, wherein the chemotherapeu- 
tic agents arc selected from the group consisting of cyclo- 
phosphamide doxonibidn. vincristine and prednisone. 

***** 
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Exhibit E 

Excel Spreadsheet Containing Calculation 
of Period of Extension 



Exhibit E Caculation 

Patent Information for U.S. Patent 5 J76,456: 

Patent Issue Date 

Non Provisional U.S. Patent Priority Date 

FDA Information: 

Date IND Becomes Effective 
Date BLA Submitted to the FDA 
Date BLA Approved by the FDA 



Date - Days 



July 7. 1998 
June 7, 1995 



December 7, 1992 
November 1, 2000 
February 19, 2002 



IND Period: 



Start Date of Regulatory Review Period December 7, 1992 

BLA Review Period (days) 2886 days 

1/2 BLA Review Period (days) 1443 days 

Reg. Review Period Allowed: 

NDA/BLA Review Period (days) 475 days 

Regulatory Review Period 3359 days 

Reg. Review Period 1/2 IND Period (days) 1916 days 



Statutory Limitations: 



Patent Expiration Date (17 from issue or 20 year from patent) July 7, 201 5 

Expiraiton Under 5 Years Limitation Period July 7, 2020 

Expiration of 1 4 Years from BLA Approval February 1 9, 201 6 

Expiration Based on Regulatory Review Period June 20, 2019 

Maximum Extension Based on All Limitations: February 1 9, 201 6 

Maximum Aggregate Extension In Days 227 days 



Exhibit D 

Description of Significant Activities Undertaken 
During the Regulatory Review Period for Zevalin^ 
and Applicable Dates for Such Activities 



Exhibit F 

FDA Letter to IDEC Pharmaceuticals Corporation 



DEPARTMENT OF HEALTH ^ HUMAN SEKVICES 



Food and Drag A d i it ht isiiail on 
1401 Rockville PSke 
RockvHle MD 20852-1448 



OurSTN: BL 125019/0 

FEB 1 9 2002 

Ms. Alice Wei 

IDEC Phannaceuticals Corporation 
3030 Callan Road 
San Diego, CA 92121 

Dear Ms. Wei: 

Yourbiolo^cs license sqpplication for Ibritumoniab Tiuxetan i$ ^proved effective this dale. 
IDEC Pharmaceuticals Corporation, San Diego, California, is hereby authorized to introduce or 
deliver for introduction into interstate commerce, Ibritumomab Tiuxetan axKl associated 
components for the preparation of Indium-l 1 1 Ibritumomab Tiuxetan and Yttritmi-90 
Ibritumomab Tiuxetan under I>q>aTtmem of Health and Human Services U.S. License No. 1235. 

Ibritumomab Tiuxetaii, as part of a specific therapeutic regimen, is indicated for the treatment of 
patients with relapsed or refractory low-grade, follicular, or transformed B-cell non-Hodgkin's 
lymphoma* including patients witib Rituximab (Rituxan™) refiaciory follicular non-Hodgldn's 
lymphoma. The ther^eutic regimen includes Rituximiab^ Indium*! 1 1 Ibritumomab Tiuxetan, 
and Yttrium-90 Ibritumomab Tiuxetan. 

Under this authorization, you arc ^proved to manufacture Ibritumomab Tiuxetan, Yttrium-90> 
and the kits for the preparation of Indium-l 1 1 Ibritumomab Tiuxetan and Yttrium-90 
Ibritumomab Tiuxetan. Ibritumomab bulk will be manufactured at your iacility in San Diego, 
California. IbritumcNDaab Tiuxetan and the non-biological kit components will be manufiumired, 
filled, labeled, and packaged into kits at DSM Catalytica Pharmaceuticals, Incorporated in 
Greenville, North Carolina. In accordance with approved labeling, your product wiU bear the 
proprietary name Zevalin and will be marketed as two single-dose Idts for radiolaibeling with 
Indium-l 1 1 and Yttrium-90, each containing a 32 mg vial of Ibritumomab Tiuxetan, a 2 mL vial 
of 50 mM sodium acetate buffer, a 1 0 mL vial of formulation bujETer and a sterile, empty reaction 
vial. The Yttiitira-90 Chloride Sterile Solution will be manufactured and distributed under 
contract by MDS Nordion, Ottawa^ Ontario. Cariada 

The dating period for Ibritumomab Tiuxetan drug product shall be 24 months from the date of 
xnaxmfacture when stored at 2 to S^'C The date of manufacture shall be defined as the date of 
final sterile filtration of the formulated bulk. The expiration date for the kit shall be 24 mon&s 
or less, dependent on the shortest expiration date of any of the con^nents, when stored at 2 to 
S^'C. The dating periods of the non-biological kit components when stored at 2 to 8°C, shall be 
24 months for sodium acetate buffer, 30 months for formulation bufiTer, and 30 months for the 
reaction vials. The dating period of the Yttrium-90 Chloride Sterile Solution shall be S days 
when stored at 15 to SO^'C. The Ibritumomab bulk may be stored for up to 24 months at 2-$°C. 
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Result$ of ongoing stability studies should be submitted throughout the dating period, as Aey 
become available, including the results of stability studies fipom the first three production lots of 
each product The stability protocols in your license application are considered approved for the 
purpose of extending the expiration dating period of your Ibritumomab Tiuxctan drug product^ 
Ibritumomab bulk, and the non-biological kit components as specified in 21 CFR 601.12. 

You are iK>t cunenUy required to submit samples of future lots of Ibritumomab Tiuxetan or the 
kit to the Center for Biologies Evaluation and Research (CBER) f^ release by the Director, 
CBER, under 21 CFR 610.2. FDA will continue to monitor compliance with 21 CFR 610.1 
requiring assay and release of only those lots that meet release specifications. 

Any changes in the manufacturing, testing, packagii^ or labeling of Ibritumomab Tiuxetaxi^ the 
kits, or Yttrium-90 Chloride Sterile Solntion, or in the manufacturing facilities, will require the 
submission of information to your biologies license ^plication for our review and written 
approval consistent with 21 CFR 601.12, 

As requested in your letter of October 9» 2001, marketing approval of this product for the 
treatment of patients with relapsed or refiractory low-grade, follictilar» or tFansfbmaed B-cell non- 
Hodgkin's lymphoma, othsr than those patients with Rituximab-refractoxy. follicular NHL, is . 
granted under die accelerated approval for biological products regulations, 21 CFR 601 .40-46. 
These regulations permit ttie use of certain surrogate end^ints or an effect on a clinical endpoint 
other than survival or inev^sible morbidity as bases for approval of products intended for 
serious or life-threatening ilhiesses or conditions. 

Approval under these regulatioT^ requires that you conduct adequate and well-controlled studies 
to verify and describe the clinical benefit attributable to this product and that such studies be 
carried out with due diligence. If the postmarketing studies fail to verify that clinical benefit is 
confined by Ibritumomab Tiuxetan, or the clinical studies are not conducted with due diligence, 
the Agency may, following a hearing, withdraw or modify ^proval to the extent that approval 
rests on the surrogate endpoint data. 

Granting of this ^provai is contingent upon completion of clinical smdies, as outlined in your 
conmiitmait of December 12, 2001, designed to do the followix^g: 

I . To verify the clinical benefit and further assess the safety and efficacy of Zevalin 

radioimmunotherapy in patients with chemothwapy relapsed or refiractory follicular non- 
Hodgkin^s lymphoma (NHL). This will be assessed in a randomized, multicenter smdy 
to estabhsh the net clinical benefit of the Zevalin therapeutic regimen used in 
combination with Rituxan as compared to Rituxan therapy alone. For this study, the 
primary efficacy variable will be event-fiec sinvival defined as absence of disease 
progression, iniriation of additional lymphoma thei^y, or death from any cause. 
Unifomri criteria will be used to define when additional anti*lymphoma treatment is 
initiated including the presence of disease-related symptoms, threatened end-organ 
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iiinction^ cytopenias secondary to NHL, massive bulk disease^ or steady disease 
progression over at least 6 months widiout meeting the definition of progressive disease. 
The final protocol will be submitted to CBER by May 30, 2002. Completion of subject 
accrual and the study are anticipated by November 30, 2004 and May 30, 2006, 
respectively, A final clinical study rq>ort will be submitted to CBER by 
August 30. 2006. 

2. To verify the clinical benefit and jfuitber assess the safety and efficacy of the 2^valin 
therapeutic regimen in patients with transformed CD20-i- B-cell NHL, For this study, the 
primary efficacy variables will be overall response rate and duration of response. Other 
measures of clinical benefit will include event-free survival, time to progr^sion, and 
quality of life and disease-related symptoms, including B symptoms. The final protocol 
wiU be sulmutted to CBER by May 30, 2002. Completion of subject accrual and the 
study are anticipated by November 30, 2004 and November 30, 2005, respectively. A 
final clinical study report will be submitted to CBER by February 28> 2006. 

3. To continue to assess patients enrolled in Study 1 06-04 and 106-06 for progression-free 
(PFS) and overall survival (OS). Patient follow-up dau will be collected every 6 months, 
until the time to progression data has maturedL The first of these data assessments will be 
submitted to the IND by May 30, 2002. An addendum to the 106-04 and 106-06 final 
study reports providing the results of compaiative analyses of PFS and OS will be 
submitted to CBER three months after the final analysis. The projected date for the final 
clinical report to be submitted to CBER is November 30, 2002. 

Design, initiation^ accrual, completion, and reporting of these studies are expected to occur 
within the fiamcworic described in your letter of December 12, 2001. It is understood that, to 
fulfill the requirements of accelerated zppxovdi^ the above studies must be appropriately designed 
and conducted with due diligence and must demonstrate clinical benefit. 

In addition, we acknowledge the following agreed upon post-approval commitments, as 
described in your letters of December 12, December 18 and December 20^ 2001 and 
February 14, 2002: 

4. To continue assessment of the immunogenicity of the Zevalin therapeutic regimen by 
long-t^m monztoiing for human anti^himeric and human anti-murine antibody response 
in subjects enrolled in all Zevalin studies under any IDEC-sponsored IND including the 
post-^proval comnnitment studies listed under items 1 and 2 of fhis letter. Interim data 
on immunogenicity will be submitted annually to the IND(s) and a final report will be 
submitted by August 30, 2006. 

5. To continue long-teim monitoring of subjects to detomine the incidence of 
myelodysplastic syndrome (MDS) or acute myelogenous leuk^a (AML). This 
monitoring will be conducted in aJl Zevalin studies under any IDEC-sponsorcd IND, 
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including the post-approval commitment studies listed under items 1 and 2 of fliis letter, 
faterim data on MDS and AML will be submitted annually to the IND(s) and a final 
report will be submitted by August 30, 2006. 

6. To perfbnn a suitable extraction study with the Ibritumomab btilk in the IL 

polycarbonate container, as described in your response to the Agency's pre-approval 
inspectional observations. The study will be completed by June 30, 2002 and the results 
submitted to CBER in the next annual lepoti. 

It is requested thai adverse experience reports be submitted in accordance with the adverse 
experience reporting requirements for licensed biological products (21 CFR 600.80) and that 
distribution reports be submined as described (21 CFR 600.81). All adverse experience reports 
should be prominently identified according to 21 CFR 600.80 and be submitted to the Center for 
Biologies Evaluation and Research, HFM-210, Food and Drug Admmistration, 1401 Rockville 
Pike, Rockville, MD 20852-1448. 

You are required to submit reports of biological product deviations in accordance wife 
21 CFR 600-14. All manufacturing deviations, including those associated with processing, 
testing, packing, labeling, storage, holding and distribution, should be promptly identified and 
investigated. If the deviation involves a distributed product, may affect the safety, purity, or 
potency of the product, and meets the odier criteria in the regulation, a report must be submitted 
on Form HDA-3486 to the Director, Office of Compliance and Biologies Quality, Center for 
Biologit^ Evaluation and Research, HFM-600, 1401 Rockville Pike, Rockville^ MD 20852- 
1448. 

Please submit all final printed labeling at the time of use and include xmpl^entation information 
on FDA Form 2567. Please provide a PDF-format electronic copy as well as original paper 
copies (ten for circulars and five for other labels). 

As specified in 21 CFR 601 .45, you are required to submit any promotional materials that 
cwitain infonnation relating to an accelerated iqpproval indication to CBER, for review and 
approval, at least 30 days prior to the initial publication of any advwtisement or to the initial 
dissemination of any promotional labeling. You may also submit draft copies of proposed 
introductory advertising and promotional labeling that onlycontBin infonnBtion related to 
Zevalin for the treatment of Rituxan-refractory follicular, non-Hodgkin's lymphoma, for review. 
In addition, all final printed advertising and promotional labeling should be submitted at the time 
of initial dissemination. Promotional materials should be submitted with an FDA Form 2567 or 
Form 2253 to the Advertising and Promotional Labeling Branch, HFM-602, Caitcr for Biologies 
Evaluation and Research, Food and Drag Administration, 1401 Rockville Pike, Rockville, MD 
20852-1448. 

All promotional claims must be consistent with and not contrary to approved labeling. No 
comparative promotional claim or claim of superiority over other products should be made 
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unless data to support such claims are siibmitted to and approved by the Center for Biologies 
Evaluation and Research. 



Sincerely yours. 




Director 

Office of Therapeutics 
Research and Review 

Center for Biologies 
Evaluation and Research 



Exhibit G 



Power of Attorney and General Authority 
from Assignee 



Power of Attorney and General Authority from Assignee; 
Certificate Under 37 C.F.R. §3.73 (b) 



Inventor; 



Darrell R. Anderson et al. 



Patent No.: 5,776,456 



Issued: 



July 7, 1998 



For: 



Therapeutic Application of Chimeric and Radiolabeled Antibodies 
to Human B Lymphocyte Restricted Differentiation Antigen For 
Treatment of B Cell Lymphoma 



IDEC Pharmaceuticals Corporation (IDEC), a Delaware corporation whose principal 
business address is 3033 Callan Road, San Diego, California 92121, hereby certifies that it is the 
assignee of the entire right, title and interest in the patent identified above by virtue of an 
Assignment executed by the inventors, recorded in the U.S. Patent and Trademark Office on 
December 4, 1995 at Reel 7735, Frame 0688. 

The undersigned (whose title is supplied below) is empowered to act on behalf of the 
assignee. 

The undersigned has reviewed all of the documents in the chain of title of the patent 
identified above and, to the best of undersigned's knowledge and belief, title is in the assignee 
identified above. 

The assignee hereby appoints Robin L. Teskin, Reg. No. 35,030; Samir Elamrani, Reg. 
No. 43,601; Charles Rories, Reg. No. 43,381; and Michael Sanzo, Reg. No. 36,912, all registered 
to practice before the Patent and Trademark Office as its attorneys with full power of substitution 
and revocation to transact all business in the Patent and Trademark Office in connection with the 
above-identified patent, including, but not limited to, filing for patent term extension term 35 
U.S.C, § 156. The assignee requests that all correspondence and telephone communications be 



directed to the following person at the mailing address and telephone number hereafter given: 



Name: 

Registration No.: 
Address: 



Pillsbury Winthrop LLP 
1 600 Tysons Boulevard 
McLean, Virginia 22102 



Robin L. Teskin 
35,030 



Telephone No.: 



(703) 905-2200 



The assignee further gives general authority to Robin L. Teskin, Samir Elamrani, Blair 
Taylor, Charles Rories, and Michael A. Sanzo to act on its behalf in patent matters. This 
includes the authority to make the declaration referred to in 37 C.F.R. § L740(b) and § L740. 

The undersigned hereby declares that all statements made herein of my own knowledge 
are true, and that all statements made on information and belief are believed to be true; and 
further, that these statements are made with the knowledge that willful false statements, and the 
like so made, are punishable by fine or imprisonment, or both under Section 1001, Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of the 
patent. 



FOR: 



IDEC PHARMACEUTICALS CORPORATION 



BY: 



Christopher Dayton 




DATE: 




